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“ Memorandum .. |

-

'pA/Chief, Apollo Data Priority Coord'ration . =

" mist be available dur‘ng the period from NCC2 plus 3 minutes until HCC2 pluu

UNITED STATES GOVERNMENT

Y ’ f . ) o
.s“ 11':' below - ‘ “3

K - )

Seventh "C" Mission Rendezvous Minsion hchnlqu'el;.':tuﬁ

- . ijz.;,_.Er.- T .
1, Except for the first item linted below, the antite "C™ Minaion Rennsvous’
Misoion Tuchnigues meeting of March 8 vas devoted (o the terminal vhare,
Based on the very great impartance FCOD is putting on proper lights ng durln;
the hraking phase, 8 proporal in teing considered for including another 1rutds
tune up maneuver between RSR and TPI. I mention thin here to makce suxye your
don't overlook it since it 1n a rather significant {tem.' - - :

2, Conslderable nttenylon is being given by thooe responsible to lengthoning
the "C" mionlon launch window. Apparently, the conktruints for the tZepinning
and end of thin window are almost nolely associated w'th lighting, and. MPAD
18 in the procens of compiling all ol these constraints on a single ploi. _
It will probably be used as a dasisn of determining nominal 1ift off timc amd .. -
1nunch windlow duration as m function of launch date, One eonstraint, whieh = ]
should be included, {s of particular interest toour "C" Misslon hendezvous ..
Mipsion Techniques Panel. Ramely, a period of darimness {3 mndatory between
the KCC2 and the KGR m:neuver in orler to provide an opportunity to Flve -
nlign the epacecraft plntform in prepuration for the sextant rend zvous
uavigntion nnd actual execution of the termiml phase, fipecifipcatlly, darkneni

O mimites. OFf couree, 4L in resl timo conditions prevent meking this platiown
a)!gnment the rendezyvous would not necessarily be:abandoned, The poiut is this
conntrrint should be conaidered mandatory for launch lut not mniatory for -
rendezvous. This conotraint has boen relayed to the MPAD mineion engineer.® -

3, Wow, on to the termimal phase, Our first discukniotn dealt with the uce .. -
of the TPI crev chatts, It is FCBD's desire to prupmre and itilize TP charto’
on the "C" misslon rendezvous in very mach the same way m8 thcy were used on
Gemini. That is, tney will develop procedures for the crew to obtain an -
onbrard solution for TPI based on both the charts and closed loop PRICS ratultss
1t is tils Integrated nolution vhich would be compays! to the MIFN for =, il
determining whether the onboard or ground solution should be utilized for PPl y
The exact procedute for all of this will be the subject of furvher meetinge. "%
Ar. important polnt to be made, hovever, is that ornbonrd TFL charts do Dplsy a
part in the “C" mission, Thie was queationed since. spparently on the "D" -
rendesvens, there {n some indication no TPI chartg Will be used (n the command:

module clnce the one-man Crev is too buoy with Bund':l_nnl-_ﬁo;work them, .-

LEE TS

1
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" partioular elevation atele of the tareei wriilele with pasprct to the Jorst”

.. this apa i+ 1# PN g deaire that ail future referencertrajectori r, Wloaion -
plarning, otc,, use (ain came valus, All other organizations have uprend to ™

" with the cingle, poerible exceptlon dircussed next, .

D a e e mte 0t e 0 gt e tedy punH It Yirhir st

a‘; a

As you know, it is Intended that Lhe P solut fon nlwyr b bunedion w

-

horttonbrl. ‘e value to be uncd now and forever more on S g™ miceion O
shall be ~7.h5", The onboard charts haw heent Gavelopd in Acconiunce with ©-

go along with thir, however, W} Lincherry's people (OMAB) are emphasislme  © 7,
the fact thit nnine tnis value of elcintion angle will mominally remedl fnoa - -
gltuation whete the 171 thrurt veetor vill mt ba along the Ine of sipht to - 7
the tappel., It in expected to devista by about 6t from that slb nmnt sl 0w
everyom: should clearly understand that at this timee: Ratrermoru, aceer oW o
considerat on had been plven to actuially modifying the wnlue of .:levablou TLY g
angle to be uncd in veul Lot as noled in last week's mimtes, It ivgl. fwoen T
reportod that an ndjurteent {n the a1wation angle in the order of P w o
be detnrmined at the beginning of thu remicryets exercinpe, wonlin Inaume toat

the thruit veetor for TPL wmild pavi oern nlong the Lipe of clght. ” ioweves,

FOOD mintaing chls would foul up tiw emmrts and thatl thoy vers e anslowg .

PR T B

“to aveld tint Lhan o fointAfn that perticulsr thist aligesen! during Lo Pl

mloiion, Accondingly, no furither cons {deration will be given to chapsine e
elevat lon anple from 07,45, efthor in advance.of the mission cr durins 1L

- [ 3 -~

.&,-Lr.

5, In reaponsc to lant week's action jtem, FCED reported that Lightine oL
conditions Juring bunking bawe a hivner peiority than sticking to “he .7 R
TPL vlewnbion angle. The important point to b made hers in toal tpageadey
Afppersions veitd eauae the TPL thoe, vaced on the 27,05 edoemtlon am b, e
glip *o cuch an »vtont that lphtdirg at braxing would be unsatictnoiniy. -
TMern arc oppareat Ly two alternatives vhich cen be considered to avoid '
fron oceurring., One 13 a real time ad justaent in the TPI elcvr.tion sup e 9 .
1t teoam o appnient that the TP1 manuver has slipped beyond accepintie Jambey- o
At The otber 1n n nev propesal by # Lincberry that a small ndjuzstee nb e B

mpnetiyree be mada botween KGR and TPI to return conditions to nominel et both i

TFT nnd brnking.. o rent of thic memorandum is devoted to these two P
altiTuakuret, . . - _

ot e
_ ol WL e

{n) Altearmi~ Onn, Tmmedintely after the KSR romeuver the crow ety

avont 10 geetont observatlons of the 8-IVB to update fts stite veitor, 4
then ealln up the TPL targeting progren (P-34) to obtaln th® L fime. YL e
tn anttotpatal dmt 'hls onhound colution for TPT time baserl on when -t CHMCE
will asrtee nt bhe mecltlon giving the deriTed slevation erple shoild A<
miite acewrare, et Is, all previous computnlions were bined on promrd
determiped abnbe veotots which have a relstively large ervor In totermliation
af TPL e . Tue onbtonrt determiration using sextant obrermtions sioald b
A o 1oc e meenitods wore adeurite., Accomtingly, at this time in the =
fge 1Tl Ter e sl pave ou. Flest aoeaeate tnHeation of T time, Mo ri‘q_:i.‘"
amen 4 eompeew 303 TPL Lime with L preamt pelayed mid fot.of Jioreens o 6

o+
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exceug [ve the eYew would t.emlnun amet yeenll Pail ut.lfulnp hhe "t.lm
L ) »option” to deteiming the clevation angle mnainu-ht vith an ncuecptable
<7 . - TPI t'mes Sines" 1t la neceoeary to utilire the "elevation angle option®
- - in Paib Lo permit » comparison of the onhoard and ground solutions, the
erev would have to terminate and recall P.3h using the elevation angle
- Juat determined as an input. They would alsoc have to relay that walue of
elevation angle to the ground for their compuitations, viounly, the -
thrusting would not be mlong the line of sight nor would TP voour at
MTh5Y, but proper Lighting conditiona at mum voum ba agnuved,

(b) Alternnte Tvo ntarto out the sume wmy o Om. That {n, the L
erew updatos the 8-1VE ptate vector uning tha rendesvous navigation L.
ccatom and deicemines the TPT time nnd ita slippage. . Then, using thla
== wvalue ot slippage they nhould be able to make n simple computatlon to
- dctermite o maneuver to adjuat the TP back tovhominal time while -
- retaining the nominal elevation angle, This maneuver would be horinoutal o
and inplane 5o d* rmud: 30 minuten after BER, probadly ueling the Avernpen ¢ )
program (P-h. )}, The Orbital Misclon Anelysis Branch (formerly Rendervuous - .
Awilynle Hmn(-hj was glven the acticn ltem of determining the compututional "-;‘;
technigue or chnrt giving maneuver magnitude vo, desired change in TPI time,
gince {t 1s cxpected to be in the order of 1/3 fps for each minute TPl time.
change denlired, and cince we are talking about TPI time adjustmenta lorss
® - thar 15 mimtes, the mneuver should bo less than 5 fps. FCBD wes asked
to work out a detalled timeline which {ncludes this maneuver t6 uee if it
presents any problems, One thing we are particularly i{nterested in ie
whether it nhould b~ done as a standard proosdur® regardleos of whether
TPI time ullppage was acceptable or not, or if it should only be done if
some¢ 1limit has been exceeded, Ascuming tho procedure 1s not too complex,
my pereonal preference would be to make it a standard Erocedum. Phil
Bhaffer cxpacts to epend some time next week with the "C" crew at the
Flurida AMB and will discuss this with them lt that time, ,

~ €. . Contldeyntlon hae heen glven to having ue y crev eall up the TPL
taygeting progrnm (P-34) immediately after NER in order to determipe TI7
timr in ordsr to et the rpmcecraft clocks, Currently the concensus is
that this {s not a vueful operation and it should be dropped from the
timeline, "

. ‘fs Ar you can sece, we are really petting into the fine detail on the "Q"
WAondezvous and 1 predict that If va spond the next two or three sessions
going through the mission technimues flow charts, we will.be ready to call
in the reot of the world and we could then ice this whole thing down within
the next couple of months., Right now-1 expect tha ‘next neettng will be-

Jevoted to the review of the flow charts, :

Enctoo. .
I c 1 of A Lergi o
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UNITED STATES GOVERNMENT

- Memorgndum

=1l

fo : :thfll'q'g.-'h‘alov

.

o : PAJChief, Apollo Data Priority

Mission Techniques moeting

Coord! mtion

\UBJECT? gixth M'.dcwrﬁ Phane
1, The Midcource Phnas Data Priorit ﬁt’: was dmhd 10
<he earth orbital pnase eynivatior. of guidance uyttems %0 mhe Lhe transe
lunsr injection () co/No Go decinton, It w3 veportad uu the outpet
that a new vet of ground rules have been sotablished ytwﬁreprdl to thie -
auh;.ect.  They arel SRR P ST
(s) A TLI mancuver i1l not be attempted 1f theye in any imilcation
that the 5-IVE IU guldunce syotem ia pot working properlyi .. S

{(v) A properly opornting CEM err Tl 'pnt. -_

PYC8 18 mot muGatory
in, it Is acceptable to make A 11 saneuver with & railed CBM PNOCE ir :
the subsequent alternate mission {s considered hm‘?_‘_gvam‘ble than vemalne.

ing in earth orbit.

y meting of mre

- Rationale for these grouni rules ndun No. £8-PA-T-56A

(B, We Tindsll), dsted mreh T, 1968, The sanner in which we may detect
£.IVB IU fajlure 18 aleo presented in tnat memo and 18 partially reproduced
in this one to make the rest of it more understandnble. SR

5. There are two sources of B-IVE IU failure indications
failure detection syrtem which .pdicates failures via
PROCS and MEYN track-

n with the CBM
tremely BTOehe mgj

telemetry. The sscord 18 by compariso
1t mst be emphasized, are ax
order of mognitude more - ..
these monitoring pystemseses .

ig, the 8-IVB TU is designe
precise than the

s telemetry, CEM, and
e performing normally but rather are only &
degraded very Yhdly 30 to 100 sigm! Wheread,
: definition of & definitely and sbsolutely broken 1V is anything heyond
3 sigm. Therefore, the actual limits ve would select for TI Go/No o
g-IVE IU performance svaluation can only be the amllest, -
t is, we would use the smalleot e

bnsed on the

dapendably, Jetectable fallure. Tha _

emilure whlch we can confidently sttrivute toc the B-IVE rather than the

comparinon system iteelf. Deviations in excess of that amount are

certainly true g.IVE IU fellures and would result in 8 %o Qo for TWl.
) e A ST ‘»s‘~ -

qhe first laby <

. ,QI?::'K po

Buy 1.5 Savings Bowds Regnlarly on the Payroll Savings Plan
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53 AR thin mecking we ndded nuotber grount Mmle reppting rpidanee cyatens
" ohecks priar to TLI. The quertion van whether or-not the horiand, G iennnl
. telascope are mnintory for ‘LI Go/8e Ung I they wre |1 would be nevorraey:
for the crew to vheck them nut,  Howewsr, amalynia performed by MPAD Jote pluwig
" that 1M PNGCS alignment with the AOT and undocked COAD alipmment of the MNQCT .
“ . and 8CB cnn bYe accomplinhed with rufClelont acturacy' to ansure safe roturn to.
enrth after TLI. Accordinely, ar of thin Gl we are procesd'ne under the _—
-~ assumption that checkout of the extant md teleneope noed ‘not e porformd. i
prior to M. If you do not g.re= with thir doclaion, you shouid tay sov - -
trmadinteid e P ‘ -®

by ty ueceptine chore prourd =0 0 wilthet w platform alipomnt e cartail o
ercol et b foitded Ca b o mcltie s Therefore, 1 shonld B pogciise oo

to a*tabllth n meaitorin, oot ngas vhieh would permit performlne YLl on . . %
the £irst opportunity even for an Atlanule njeetfon (tee., Atoul 100 mimites
‘after 110t ot f)e The techn gue weall be t@ compare the CEM PWOCH ard tlee .o o
S.IVE IU durine the lumch piaae 1w perhaps {n earth parking orbit, If "

txis compnrinon is fmavooble, 't 2nn he an*!mmd. that Lvoth the S-IVE IV nnd.. :
the CEM PHGCS src prrforming woll and we would execute TLI. If the compariron
wers not within thote limite, owes of the systeme muet have failed by our. = .0
definitlon, tut we may have 'nourficlent xnowledpe to determine which one - 707
vitnoat performing a CEM PROCS platform alignment in earth orbit, This would “47
probatly recuire roing ancther revolution and, thus, TLI could not occur uni.l -
the seconl opportunity. If the failure turns out-to be in the IU, ve would .
not perfora TLI. T - S

5, The Guidance and Ferformince Juminch ocutlined theiyr proponal for procceuing K
and displaying launch phase tclemetyy in the control center to evalunte BoIVh: .-
ard spaceernft guidance syrteme perfornenes ko the primo TLI Oo/No Go data’ . i.. -
source. They recommend plotting Jifferencen in the three componentn of = - .
velocity as determined froem the PNGCS and 8<IVB IU state veetors. These v -
vould be plotted in renl tiae on strip chart recorders in the Misalon Contral .
Center, It lo folt they would be extremely effective in not only detecting = . -
system failurer btat alse for tscloting exactly what type of failure has RIS
occurred, Limite would be cotablioned on these differences baned on mccuracy %
of the CSM PROCE !n nccordance with the philosophy noted in paragraph 2, .. -
- fhners i3 one dig rource of "error® in theso plots repulting from our inability’ '
" to align the CCM PNOCS nccurately in azimith on the launch pad, We had & . . 7
similar problem, you recall, on Gemint and our solution here 16 about the
same, It e proponed tlat a scimple computation bhe performed cimilar to the
platform alipnment updnte carricd out in the Geminl program at 100 seconds ..
after 117t off, 'hir computation waa baped on the assumption that any = -
~differcnce in the horl:ontal veloclty vectore detected when comparing the
- gpacenrnflt to the B=-IVD ic due to gyro compmssing misalignmont of the epucei
eraft IMI or the launch pad, It ir a clmple wiy of determining what thie ©
mizallgnmeat 18 {n order to luprove the comperisan by mathemntienlly acedunting ®
for i} in the plots during the romminder of the launch phave, - In ad§;tion,:i8
~ makea™he mipnltude of the mienl’ et nvatlable for use in Inter puidance
syotems performpnce eviiuation test: fnflighte 7.0 0 omoget gt

i
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: M ha : AL Ty . ;
. 6. Flight Control Division und MPAD are jolitly engaged In preparing RICG
- pregran regulrements based on this technique ineluding displny format and
equation formulation, Throe prograa requiremsnts ahould be in a form ) K
suitable for transmittal to FBD within 2 weeks, and.negottating will then
begin to determine whether or not they can be inecluded in the earlier . -
manhed Baturn 5 launches, They would be desirable on the "D misaion,
possible mandatory for the "X", and certainly mandatory for "F* and “c*, -

2 B - IR v, 7‘*_“7;
7e We moxt discussed the cuestion of whether or rot the launch phase nystems °:
avaluation for {irst opportunity TLI Go/No Qo descrlded mbove 1o sufficliont |
all by itself. That is, platform urift checks based on telemotry gimbul
angles from the S«IVB IU and the spacocraft PHOCH have been proponad as o
nupplement t@ the launch phase comparioon, but theivw are ohvious problems
argociated with that procedure which eny sake it rather uselesce<ealthouch -
I'm sure they will be monitored groscly., Mor oxample, the data ie not -
time synchronized nor even homoguneous, Ar a result, it would be nocessary
for the cpacecraf't to maintain minute attitude Pates over the meaturement
period which is almost impossidle to mchieve, Furthormore, structurnl
bend.ne und thermal warping also create very larse errorse.scomparabile to )

" the differences ve're looking for. MPAD was given the sctlon iten of
determining 1 sucn & test contributes significantly to our confidence
for TLI since If 1t doesn't we can simplify things a great deal by
eliminating the whole procadure. o L

8. PFlnally, we inventigated hov we would determino which systom hud fuiled =
if the lnunch evnluation showa disagrecment, It appeara neccasary to perforw’
& platform alignment, or at leant a determination of its orientation, Thias. -
would probably force delay of TLI untll the second-oppertunity. We are e
currently investigating the following approacht. N o

(a) Evaluate the 0SN platform torquing angles, The x ind y axie ahould &
be near zero and the & axis should equal the pad misalignment ss detected
in the launch phase, If not within limits 1t has failed, . RV

.o . - :

(b) Using MSFR tracking for orbit determination, compare the actuai~, ~

trajectory againct the B-IVB IU insertion state vettor trajectory, This

requires 1} revolutions of tracking. Disagreement boyond limite indicates
8-IVB I1U failure, L L , :

9s Obvioualy, ve have a lot to do, But if tm?mzﬁdfrulu are neéepi:ed &
it ls montly a mtter of implementing n technique wo understand, .. Believe
.+ 1% or rot, I think we've got tnie LY thing pretty mearly licked.: I hope .

™ v
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§t tr et elear at thiz tiee vhich of Lhoro optiom! ln prervmblo. In
. : tret, Lh!r will probably not te known untl|l after complotlon of the”
v misaion prioe Lo the one under diseusnion hereq Fowever, this in mt
fape rtant alnee, ae Iy an we could determipe, there it no roanon why
et e o Ueere alterante mbanlone eculd not bo performed, Mor oxample,
Phown bl that we can expoct the lunne flyby to be on & free return
trnvetory sinee thd BeIVB In nrssmed Lo be vorkimg normally,. Therr
wiparently 1o ndegunte redumdancy in the SCS to be tolerant of further .
yowns Milures,  Alao, conagldoration mny be glven to using the PWOCH
cvn 1P It g friled to the extont thal the platform lu drifting at
et o LY par hour, o oxample, that in Junt sgquivalent to the
CtT . Initentlons from ell knowlodgeable lunsr retura entry poople are
‘tet mn arew enfuty provlemn are involved in that minsion phare uning
the gmekypo sycteme, 91thourh, of courne, Lhe gpaceotraft may not land
o elorr ta W recovory ghipa ao we've hecomn aocuntomed to. There
o e aeenbion nn 40 vhether or el the acceleration time hiotory
“oeteom o bastup, conotant f oealry fe tolerable to the erew, All
et jonn to Aate nme that (L {0 aceeptable, To my hmledw, thoere |
raly o looce end to track dewn,  And that {a, (o the DXT/R o
m'vlsw ry tor LI, or are alternate siphting devicen adequate rm'
Sanpee and coptrol cyptem albipneent? We think t.huy are. If not, the
OXT will hive to by oheeked before the burn, !

Gy Iy mecopting Bleos peound malen, [t ghould ba panaible to ectabllsh
..‘ o monltoring technigue vhich wonld permit performing TLI on sne firct
0 gormnl!v vyen e an Atinntie injection {i.eq, about 100 mimuten
wober LEPL crf), e tecehinlyue would bo to compare tho CSM PNOCB and .
LT a..un 1 during the launch phane and oarth parking orbit. If this .
pomprrtnon 1u favernble, that 1n, te within the tolerance to be '
et Pt ne desertbed 1n parupmph 3, 1L can be assumed thst both the
CeIVB TU el the COM PNGCS are performing well and ve would execute M1,
7. e ecompacison wore not within those limits, one of the systems muot
huvn f+llen by otr definition, but we have insufficient knowledge to
determin which one without porforming a CSM PNOCS platform alipnment in
errth orhite  Thin would be earricd out as noon after the failure was
deteeted na pesothle, bt would onrialnly nocessitate going another ,
rvolution and T enule not oecur wntil the necond opportunity. If the
. U turns out to b In the TU, we would not perform TLI but would =
ey onbo o 8 H/I.M wne dusntion mirnion with rendepvour in enrih orbit, .
T the tllure 1z [ the CSM PNOCS, we have the option {to be determined
pr LIkt ) of dolng TLT AL the regond opportunitly and porforming a lupar
£y, or or cembting 0.1 for that flight awd remaining {n carth orbit,

e X owbd 1he b onemcdweie by eapresning my nwﬁéiatmﬁ to Carl Huee
. aed Bl AVGepen e W Ten ovlew el far hetping un at hie February "’ﬂ
oo vmi " tamar Miccton meetinge Ouf lant TLY Maalon 'R-chn!quel o

.




et et stulled tm tb‘li dened aenter in tine nbsence - ol‘ i t!‘h.'!i!' unlvl.“
staptlay of altermetc mlanlon priority, among ot.twr thtnnn, el the
s e u:v rm-dr:d punh tn b oEning -mln. I _
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PROM . PAJChlef, Apollc Dmtn Priority Coordinatidn
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Cwmppet: First "E* Mizslon Rendervous Miscion T chniques mecting -ﬁn‘reh b

TEp
-

1. On Mt b we hed the Tirst "E® Mission Rendezvous Misalon Techniques . -
mting, T wis deyoted almont_excluoively to underatanding what the Ta
m@m;'W.MWLmJMMI.DMLM% |

The digearsion rained 2 few questions and some action items wepre assl

to et them nnneercd, :

©, IL . ovident that actlvitiea prior to the rondezvous such as _“he big L
“oIVB mupeeiver cleminting translunar injection {1LI) w11l subntantinlly L
pertarh ceml Lbions at the ntart of the renlezvous unlecs compensation ims { <
peovited, itle, ol course, menns thnt the logic and capabllity to plan PR
thiz "eompeasntion” in real tlme muat be decigned and izplemented. o
w1 Lopeterry and hin frople were nnkedd to look into -thil.'('mey're doing., -,

a =imllnr it for Mircion "D alremdy.) . - S

<o T "E" mirclon {r typlcal of any {nvnlvirg LM operations, It starts’
2rel an undoeking and visual Inspection. This is followwd by a small RCS .
mareuver by one vehiclae or the other t9 provide & controlled mini-distnnce *
~opnpation trajectory to svoid costly atation keeping. This is followed _
In turn By a larger separatlon muncuver which kicks off whatever is to byt
lene. In this cnne, the larger scparation maneuver, calied a "Phaning .
maneuyer®, plaees the M nhend and above the commnd module properly
loenind to mxecute the CDH ecoelliptie maneuver about 2 hours and L0 minutes
inter, It is lntonded that thece Phasing ant CDH maneuvers will be S
somputed In Tesl time i{n the RTCC utilieing the so-called NCC/NSR rendszvous
maneuver loplc developed for Gemimi, This targeting vwill force the CDH -
mancuver to oueur at apacecrnft apogee over Hawaid, with the proper
differentinl altitude and phase angle, B _

.‘f
h, ‘e entlire rendezvous will be carried out with a single inertial
pintform orientntion (REFCMMAT) for each spacecraft, They will be .
~ompmterl Aand relaye) to the spacecraft from the ground, Of course, mwre
then one plnttorm alipnment vill be performed, The point is they will @ % °
‘911 b earrisd out to nchleve the eame inertial platform orientation. °
Parthermore, 1L e anticipated that the REFEMMAT on Mission "B will be -
Soleeten) easentinlly the anme as for the "D" and "0" mieosions, That is,
Lheey will b tied to 'PFI and will provide an FDAI B.ball display of ~ . : -
i, 0, 0 vieen the npncolrsft ia aligned in-plane, horizontal, wings level,
nrads Ul . ‘ . b :
Buy 118, Sarings Boweds Regularty on the Payroll Sutings Plaw
[ - 1 -
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T vy It vapeAgrecd thnt arf undocked platform alignment would he mde bLetwnen-oo
"4 separation and Phacing mancuvers. In order to pormit this we eatatriinhed -
that deparation will oceur 5 aimtes before the start of the darknoss period . ¥

. Feyolution between the peparntion and Thasing maneuveys a-emmll TRdial

 mdfmetion, This U6 pnaed on the ascumption there had been no indleation

- poploivour nnvipation and targoting as vell as maneuver guidance and control,. .-

n
[

. e T4
- k
i

prior to the Fhianing mneuver, Bince this will result in almoat A complete

separation burn ouch as planncd for mizaions "D" and "g" par not vork out

too well here, and the Rendervoun Amnlysie Rranch wagy glven the mction licm

nf relactine an optimum separation burn to be 1lluatrated at the next meetingc® 7
with the rtandnmd relative motlon riot, Fiight Flannihg vee rayguested to Lo
we.re OUL ihe orew timeline in detall tor the pariod tetween undocking and -
KLe Phasine maneuver, We want to make sure that the various crev activities, .
napeinted with LM checkout and trajrctory oontrol do not conflict hor nen -
urduly erowted, I'm sure somoone will also be intereate=d in detormining .

tre connumibles Tequired during this prriod since apparently both electfic

pewer and NG propellant are AL a preafum. i

. Finnlly, the crew procrdures prople were requosted to evaluate and i a7
pepeort at the pext macting the preferrdd lighting conditions for the TPT &
m.neuver when it 1o exceuted by a cpacceraft approaching from ahend awl N
alove. This will be the nitostlon for the firet TPI opportunity on the .
" minnion, Although thot maneuver vould ot actually be executed as long N
nr eyarythirg 13 atill poine along okay, w should be propared to do It if T
we have to, And the preforeed llghting conditions infliuence scheduling of
the Thacing mancuver ttoelf, R _

¢

-

4, The current reudervous plan provides two opportunities to perform a S
0 man-uer, both of which are nominally zero, However, it was questionnd - - o
m tn whether the Firnt opportunity really exlote since it occurs only 36

m nuten nfier the Phaoling maneuver with insufficient ground tracking and

m mmnienttone to support it. It my bo desirable for the erav to perfom
yo.rvlepyone mavigntion and targel thia maneuver] the question 1s vhether . '
they would rver renlly cxecute 1L, The point 1s, if 1t turns out to be . AR
amr1l there ceemn to be no dlpadvantage in dolaying until the next C8I =
opportunity one rrvolution Inter, and L the onboard systems lndicate that .
a lnree €57 mancuver in neaded there {s reamson to suspcct some Ayrtemc e

ul' nunenuminnl performunec durlng the Phaning burn, which 1:1["11'" that CBY -~ >
ahoultd e pear gore, 11 peemn we cught to cbtain come MSPN ctnfirmmtion
Welore making a bl b that mipht ecrew up the situation. In conjunction
v th n1l tnlz, the Remlczvour Anelynis Branch was plven the sction item of Y
dr terminlng parsmetrienlly theeffe te of residuals in the Phasing maneuver =
11 terme of COI maneuve magnitude and other trajectory disperaions autn . iy
as TPL tlme ciippaee. f Lo - '

VR A

s

i, It har been glated that s primary missivn objective on £nin flipht 1o .
k; portorm a comprehenalve AGS systemn test, This, of couree, must tnvolve - &

'
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This enn b done In a number or voyi, For exsmple, the AQS could be alloved
" to operate continuounly without PNOCH update throughout the entire remiexvous
_exercire, Or the tent could be broken down into a number of indlvidual tenta - -
¥ th rosinitinlization provided reriodleally, It 1s also mecessary to npeelfy -
vhen and unde:- vhat conditlons rader data should be imput into the AGB, OMC . -
Divirion wan requested to amplify their miosion requirement by providing a
mare detalled deseription of exnatly what they would like accomplished and
It poruthle how they would like to do 1%, - -

.

“a That 1o nbout all we covered dur ng this short meeting, One~ nice thing o
apparent wan Lhe substantial enyryover. from the "% 20" mizsicn techniquen .
meeling: which anould permit us to_complete work on "E" in & conn {Jrrably -

vt hin would otherwicey be The cose, It wan sgrecd that Monday
uftrnoon ir a good meeting time and 0o, If possidble, we intand to pet

taputher fyory other veck at that Lime, Mhe noxt meeting s scheduled

ntOLEOO Game, Miveh 18, tn Bulldine b, Ruom 396, That's 13%0 for you,

',

Hovard W. Tindall, Jy.

Farlonue
Liet of Atb:pdeen

Fldrepnenn:
(Ser ntoached 1int)
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$RuM : PA/Chlef, Apollo Data Priority Coordinstion |

supjeeT:  Sixtn "C" Misoion Readecvous Mission Tochniques meeting

- —

B ] Y, This March 1 meeting conflieted vith the President's speech but a few
of u- dedicated Jokers preased on as follows, . :

te It hnd bosn otatod that =11 "C" migaion AFG burns would he performed .
:h a honde down attitude (that in, 180" roll): This presents a problem

cn one or two of the 8IY burn: in the rendervous sequence-=NCC, 2nd maybe

100, ~=nlnce to conetrrein ourselves in that way would make it ifiposaible

to flo the final sextant/rtar burn atiitude check, These burns are

cypected to be within 15 radisl which makes heads up/heads down rather -
menningless anyway, except for the FDAI 8.ball presentation., Phil Shaffes *
checked with Tom Stafford and goy apreement that the attitude check was of -
more yalue than the stindard 180" roll indfcation, Accordingly, it is our
plan to make NCC, and "XC, (if it iz downward) in a heads up attitude and
rnelude the sext&nt/z‘-‘ P Shr.ck in the sequence,

. . 3. As reported In the last meeting'r minuten it is our proposal that if
N a platform failurc ir deteoted Juct prior to KCC,, it will be necessary
. 4nlay the rendezvous exercine a day, 'Ihia‘ruhng does not neaessarily
apply to the PNGCS attitude tests prlor to KCC, and NSR since after mcl
han beun performed we are committed to the renauvoua exercise, Accords
ingly, if wo can assume the (DC is aligned we probably should press on
with the rendezvous using the 5CS, at least through ncca and NSR.

h, Appmrently, connideoratifon ia belng given by comeone to extending the
launch window. In parsicular, it {s apparently being proposed to launch
anrller in the day, It appears to us that to launch prior to looal noon
would preciude making a platform alipnment between NCC, and NSR. This R
nliynment Is thoupht to be essential for terminal phasg. Accordingly, :
we would like to request that very serious attention be given to this

tter prior to dhoosirg a launch time earlier than currently planned,

*+ An [tem came up concerning real time selection of the elevation angle
to he utilized in determining TPT time. As you recall, it {n intended

t2 utllize the elevation angle option in the TPI targeting processors
eieh that If everything worka properly TPI will ocour when the lines=of. .
sipht to the target vehicle colneides with the maneuver thrust vector
(spacecraft x-.axic), According to Ed Lineberry, if dispersions in the

“ |
@® ¢
~a o
d Buy 1.5, Savings Bonds Regularly on the Pérm” Savings Plan




N~ . « . lanter, nreenot taken Imo noeount in denipanting b
vie thr todimection ot ™1 will be subctantinlly 01“8 ihe linceofariphts

nis elevatlon anele, B j
1
aneele nd justment. rhould be lenp than .+ . Apparently, the B

. Tayee s vt len
. prCC/MOC L erpabile of determlnine the opt tmum valae by meone of mmal L.
{tepation, Gince the effect of thin on crev Trl backup charte my bhe s
unacerptable, FCOD vas given Lhe actlon 1tem of checking into thot., ‘ ;
S, Apnthe e onetion tlem arplpned the NCUD wan to aftablieh vhich wan more : :
ver tantesslivtitinge condiLion:s during; the hraklng manciver oy thrmat ¥

ceea T L nt o with Ll Lineof-ripht at TP, If the Wphiting comitl one
Ve rem writienl, 1L muy be meeesnary to tnclude n declolon potm in
<gperndjens Lo aoeaee proper llghting at bhynking by not allowing ihi
ter cLip more Lhnp come epecified amounteesprubably aboul. 10 nimaten,
It elevation nngle option slipe too much Lhe orew
cei ) hmye Looutiliwe e T "ime option” for tarmeting. owiounly, the
Cotcten weald have Lo e mnile onboard the spacecraft af'ter sextnnt drtn
: peenn lneorpormtod into the FRGCS.

PR
“oegee TR e baatd on Uhe

o e ore ey beeen ot mmecr of comm nts regarding the TPI backup shurte
epi 14l p weefulpess on the 0T and "1y mizriona. At the next mectling,
sheduped 1l 1o pome on Mareh 4, we will reviev this pdlb jeel.
Ciantich the rule of the FNGCH, MOFN and Lackup charts for

L e avery e primery guestlons to e ancwered arct rthrll therr
sy tee 111 baekup etarts, aml 1T there Are, ahould they or the MEFN

. waarr et ien Poe THT be ueedd I the event of 1 Mocy tnilure. It e

.. wtient Lhat Ip o eitner enee the subsequent midcourne porrection will hawe

{ on charta, ciner bhe MCFN har no capabliity for computing that

o be el
L ]
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R | 6BNens L
FROM  :  FM/Deputy Chief o :

. g . ’
SLBJRET!  Anclle Spnecoraft foftware Configuration Control Moard notes for
e HArch b meoting I

® Propulsion people hays concurrsd {n
YPIting that the telin V monit

OF rrogram rhould not st off the 5Py
engine on the Jpneeeraft 020 ang 101 misnions,
that MIT is et1)1 working on the bani

the nrimry goal beling to maintaln the PMOCS in a worka
Tom Price wng glvan + mniring the work from MSC's vievpoint
Al eoorlipating (4 with MIT i{n detal), In the LM programs there are
- RELnrently nertieus Implieations Tewarding ullage arising from the 15
a seeond Limlt for the

RCS Jets lopurging on the DP8. It ta stil} not olea>
#hm* will Le done mbout that, :

- . ‘s« In reiponse to a previous action {tem (10.1.4
3 ‘Nlnpe 48 commnded by the AGS is

can-change it duration if that §»

} 0AC reported that
DEDA accessidble, that {s, the crew

hecessary,

s 1 withdrew our FCR Mo, 33 deuling vith the lunh
program In Luminnry, fThis FCR wan to ob :
At a hipher froquency than ie currently programmed, It became clear
that there wepe A numhe

Az be resolved before we finnifze
. may delay th!s PCR for amuthe ru.
impact and we have nome anslysea and meetings scheduled vhich ahould
t1luminate the sublect cona derably. P

k. PCR No. %0 denls with chanpes in Colossus pmniry computations and
dicplay:. (P61 am P62},

After conaiderable discussion, MIT was :
directod to remove the pracessors in Colosmus whioh provide un automtie
3 mn aver Lo the command modile/sery ioe module

separntion attitude, The
other part of thin PCR requenting prediction of gimbal angles qt 05 g's
would cort h day

8 ochedule Impact and, aince Tom Stefford agreed {t wng
hot. mindatory, thia part of the chanpe wag pot approved,

i

¢ PR No. 47 was not discusov. nt thig meeting, |

hd

A

' e

" Bay 1S, Sevings Rowds et iurly om the Payroll
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BRCE L S
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. i T
fo PO By 61, to delete commid module pheering of the BoIVR durivm the < 7
TLl mnvuynr, wan finnlly spproved, , S _ 4;#\{‘;: -

N H

T+ FCR Nos TU, which adde the jork term to the Descest Adort programs” i i g
(P-TO am! !‘-715, vas not discunned at this meoeting since NIT has not T
romplrted thelr detailed evnluation yet, It is supponed to be rendy

fur the nrxt menting, P ,

P

e TCR No. T2, n LM DAP chanpm to Gundance dealing with atiitude mie

slimitng was nisapproved, ;

7o TOH Mo MO war an MIT Inltintsd chanme to provide atate veetor
rynenponisatlon with no cehedulrs (mpact for Colossus, tumirary ani S
Cundanee, It wae approved, i S,

i L Tes

11, ICR Noo Bl denlt with n ehang MI' made in the Au&-Kuml coeflicionts
tn Colourue,  ™ic was done withont MIC concurpence ard thia approved PCR
dirceted MIT 0 return to the Sundisk values, 3 . :

11, PCR'a 43 and 85 both dealt with x-axis override in Sundance and
luminary. It war ngreed that PCR No. 8% ar prepared by MIT was the better,
50 14 wan appruved; and FCR No., 813 was disapproved, |
1y FCIt No. H¢ provides the capabillity of changing range variances, whatever
they nrv, in Colorsus and Luminary bascd on more up=tosdate apalyses nid
rtunl flleht experience by putting both of them in eraeable, Th.s change,,
<15 approved for (olocsus and Luminary with no schedule impact. A visibi lity
‘mpact an Dumdance wan requested, ; . . N
13. FCR Nos. 70 aml 91 denl with downlink changes to Sundance requested
by FED, both of which were approved, i

14, FCR No. 77, to mdd n valld data {ndicator to the Coloasus landmrk o
tracking downlink dntn, wai postponed until the next meeting,

s FCR No. 94 reuucntod a ehane tn the Colossus entry guidance logie
such that It will work for reduced L/D vehicles. It was approved.

1A, TCR No. 9% which chanpen the DOKY display polarlty for the rendezvous  °
radnr trunion anple {n lundance to he connistent with standard pilot RF
clgn convention war approved, : E -

17. ICR No, 96, which provides the enpnbllity in Sundance of moving the

replezvnun mdar pyro pncknge out of the view of the AOT, was approved with
n obe day impuet, L

-

|

I

]
|
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MG/B. Becker’ ) .

|
12, FCK Ho. ¥f removes & program alarm ln Sundance anteoclnted with the
remiezvon: radar which vas certain to occur during prrfectly nominal IM
rendezyour operations, It was approved, . { : ’
1. PCR Ko. D% provides a capabillty of moving the rendezvous redar
antenna out of the fleld of viev of the AOT while the rendezvous navigation
program 15 in operation. Discunsion of this change vaa delayed until the
next menting. i .

'¢;, FCR lio. 99 deals with making the DEKY dieplay of shaft and trunion
unplen of the remlezvous radnr in Mode 11 more mnlngml to the crew,

1*. war dizapproved for Bundance amnd will be discussed for lumipary the

next tim:. i

£1, TCR Ws. 104 nuthorizer MIT to do no lewl 5 testing of the Bundarwe”
progrens which provide rendezvous mancuver tarpeting t0 the CSM, slnce
the P zericrc will not be ured on the "D" and K" missions. Thie was
approved. i

wr . TCH Hos 10h wuld have deleted the requirement for the Pl program
‘n Sundanee. It provides a dicplay of 1atitude, longitude and height. -
whrn 1t wis understood how the crew tntends to use it, the FCR wat
dlonpproved. . . . :

©3, Turee chanpgen deallng with the throttling of the DFS in the Luminary
program were rehuested by MPFAD and are to be discuased at the next meeting.

oh, Thiz memorandum lo to give a very brief rundown of what happened at
this meeting, 1t is nbvious from the great mumber of {tems under discusslion
that if you arc intorected In any opecific one 1n detail, you will have to
cheay in peroon with someone that wos there, or await dlstritution of thre
forml minutes of the meeting.

e,

How.rd W, Tindall, Jr.
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1, Ar you know, m great denl of work has been done on lunar abort
venlezyousn throughout the Centor, This note 1p 1O Inform you of n
~qra Priority Coortination meeting 01 this subject on March oB, Y,

tn Fullding 2, Room 966, 1 expret it will take moot of the day.

z.ﬁmt we nve interested in dotermining o what are th grount nnd
ecrew procedurer based on the current rendarvous abort planis, The firat

part of the meeting will Le devoted to a review of avort ns from
any part of the descent trmjectory, both coasting and povered lichh,
and from the lunpar surface, Of rource, 1t involves LM setive, and
command module metlve and in sow cnses both vehicles active, WO

are particularly {nterested In ertablishing those procedures associntad

dezvour which wust be included in the nominnl timee

with lumr abort ren
1inc., For example, tarpetineg of the CSM to perform LM rencue muncuvers

prior to the avort eitustion and tarpeting of the M on the lunar
1irt off on a CSM revolution enrller than planuel,

rarface for
’ : LY
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(s}

Addrvnseest .
(See attached 1lst) :

L]

:
|
!

oy 008 Saromn Bande Repadarly on the Pavedl Savong: Plin



ro i

WA YO S Tl
abh sde PRE W B

UNITED STATES GOVERNMEN?

Memorandum

: T ‘:\. E]
‘Beo 1ist bolov | -  oarm MR L 58

 GBaPATMY
PA/Chief, Apollo Data Priorlty Coordimtion ' . ' xﬁhh ,
Fifth "D" Missiqn Rendervous Mission Tochniques meetingevedon’'t mice .

Paragraph 5i. Jt'a great,.

- 3

1. We spent just about the entire February 26 meeting discussing the

way the AGS and PNGCS should be uned during the "D" Mission rendezvous, .
I feel as though we have accomplished quite a 3ot in thle area having 1
reached agreement on hov the AGB should be used throughous that mimsion ‘
phase, vith one minor exception. It i® all vased on the ground rule

that on this mission the AGS should be mnintained in that state which

makes 1t muot useful to perform the rendezvous in the event of PNGCS

fallure. It was noted that if, after having established the preferrcd

technlaues in accordance with that ground rule, it is possible to

include some AGS systems tests without jeoparditing crew safety or

other migsion objectives, they would be considered,

2. Nominal situation: FPNGCS seems to be working properly and 1s
prime; AGS must be mintained in optimum state to take over in the
event the PHOCS faile. This applies to all mapeuvers.--C8I, CDH, TPI.

(a) Checking of the FNUCS will be by comparison with the groumd ‘
cemputed solution only. That is, comparisons of maneuver targeting Lo
from other sources, such as the AGS, backup charts or the CSM, will TR
not be made to copmit to the PNOCE., The PROCS solution will be used e
providing '% is within acceptable limits of the MEYN solution., One
poesible exception here is that, cince the CSM optics provide very
strong solutione to the TPI delta V components perpendicular to the "
lire of sight, comparison with them may be advantageoue. e

(b) The state vectors in the AGS vill be updated each time PNUCB REE
{s confirmed to de acceptable, This will likely be at each time it is
committed to make the ncxt maneuver using the PICCS.,

(e) ACS alignmente will be made each tine the PNOCS ie realigned
and sach time the state vector in the AGS ig updeted Zrok the PNOCS.

(d) No radar data will be input into the AGS a® long as the PNOCE
s working, In effect, it is obtaining benefit of the radar via the
PNGCS state vector updates since the PNGC3 is processing the radar data,

t
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 {#) There i# no need to prepare or learn to use backup charts for
" 081 ant/or CDH mahcuvers for this mission, Terminal phase charte are
esaential In the IN, A

3. 1In the event of n PNOCS failure; CSX amd CDR omly. L

(r) For CBI and CDH, une the AGG in alwoat the tdentical mnner
{n which the Oeminl spacecraft wan flowvn., That is, ues ground targeted
mancuvers oxeciiied with the AUS External delta ¥V mode, ..

{v) Mo radar datn would be input into the AOE prior to CBI and CDH,

he By far the mort rxtonslve dircurntion dealt vith the Terminal Fharo
Initiation (TF1) mrcuver and subsequent midcourse paneuvers in the
syrnt of A TNCCE fatlure, but with the redar still working. Thias was
the ope aren atlll iscking mpreement, It (n g1l based on the assumption
ttat 8 remdezvour radar falluve io obvious an opposed to ihsidioun.
Clarke Hackler {OCD) and Al Mathan (GAIC) vere given the mction ftem to
determine i this nsrumption (s remzopable, Our alternate plans for
TPl===NOCS out, radar workinge-eare ns followa:

(2} Compare the onbomri chart rolution for TP with the MOFN, If
the comparicon is favorable, execute the chart solution and, 1f pot,
ure the MGFN delta ¥ia and the mancuver execution time based on the
onteart polution. The peneuver would be made uslng the ACS extermnl
delta V mplreeethic procedure to Ve amplified lator in this memo,

129...!1_9,3“‘_'“}..1“—‘1“1 dnta Into the AGS, ORssees :
{t) Ac coon as FHOCS fallurv tn apparent {but not wooner than CDH)

atart updnting AGE rtate vector: “&L'_ﬁﬂwm
Procerd uring AGY in place of FIOCH, t {0, compare TPI solution
vith MSFN (am. maybe CSM for componants perpendicular to the line of
sirht), tUre AGS solution {f acceptable. 1If not, execute MSFN delta
V'e uslng AGE Extrrnal Delta ¥ mode. The argument for inputting
rendezvots radar In the AGS apd uring 1ts solution {s that it ip n
clozed loop syrtem which annlyris shows should work well using
repdezyoun rodar apd mer' analyrin is on the way to prove it further,
In ndditioen, Flipht Crew 1o concerncd that the arithmetic esnociated
wivh the charts mke lts solution more sunceptible to crewv crror,
vhereas the AGS doen the arithmetic for them. The argumenta against
uer of radnr in the AGE tor TPL 4c that to attempt to maintaln both
the AGS and chartn solutions ie likely to create an excessive work
load upen the crew, particularly when consldering the henderences of
the cpacesuits and the zero g environment. Furthermore, we have
crnsidernble confidence in the charts and expeet that iff the charts




am ASF (vith radar) solutions differ we would be inc)ined to Lelieve
the ohnrts and une that solution inntead of the AGS anyway.

£, The following in the most ntactllng conclusion reached todayl
I the LM PNOCA Is vorking tut rendesvous radar has failed, we have a
gerione prohlem with the LM nince no external data will da input to
the npacccrm{t systems«.MICS, ACE or charts, In thia case, it is
our recommendation that the commnd mydule execute the TPI and subses
quent midcourse correction maneuvers and the LM do the braking
MmEreuvers, ‘

(n) The command module would compare its TPI solution with the
MGFN, If the comparison ia favorable that maneuver would be executed}
{1f not, the commnd module would execute the MEFN delta ¥'s using ive
own time of lignition,

(h) The command module would voice relay $o the LM Lhe maneuvers
it haa executed in order that the LM crew could update the command module
state vectors in the LOC using the Target Delta V program.

6. T would like to present here the raticuale for making the command
medule active for TPI and midcourse when only the rendezvous radar has
failed, The juctification is bascd on sapuring ourselves the

capabllity of making n good midcourse correction subsequent to TPI :
which 15 cxtremely important oincc with no ranging device the braking
maneuver is golng to be very difffcult for the LN to do, The vhole
point in that only the command module is adle to mintain a closed loop
knowledge of the cituatlon {(with its sextant) and miintain an up-to.date
pet of otate vectors {n the computer to target the mideourae correction
mnriver, Furthermore, it is only sble to do this well if it makes the
TPT maneuver, 8o that its INGCS senncn that too. It should be noted that
thir does not use a preat deal of CiM RCS propellant. . Howhere near that
budreted for LM rescue, All of the other maneuvers are carried out by
the (M and the really large RCS drinkersssbraking===vill also be carried
out by the LM, The reanon for that, of course, is that aince the LM
will b» coming in from delow, viewing the commnnd module apainet a star
bnckeround, it will be in a puch better position to do the braking
mnsuver, In addition, we would prefcr to save C8M fuel where poseible,

7. An obvious additional advantage to this in that it keeps the
 prouvedures as simple as possible In thie critical situstion. In fact,

tt t» n ctandard CSM TPL for which a great deal of planning and training
will Luve beon oarricd out, On the other hard, for the LM %o make thoee
two maneuvers would require s grest deal of coordination and communication
between the sgacecraft crews in roal time which ia undesireble. And,

1t 1voids having to prepare procedures and truifiing for this special
sitiation. : Bl
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8, Tt wn stated by FCOD thal the command module pilot. w111 be umbdle
to computer onbonrd chart sclutlons for TP due to the press of other s
activity and 80 they vill not be avnilable ae a data source.

4, The mnner in walch the AGS can B used to execute 1M chart mrolutions
e tr lomdizg A zero megnitude mneuver into its External Delta V
precessor which zeroa the registers and peraits it to be uced like the
PNGCS Avernge G program {P-UT). The crev wvould thrust sequentially
nlong each of the three body axes, probably burning the largost
component first. The sequentlal operation is necessary since there

i only one digital readout on the DEDA registar.

10, I expcet that at the hext meetlng we will review all this and tunc
ty uyp & little, We should then probably apply these techniquern to the
earller "preudo~TPI" maneuver which oecurs half way through the
exercire includling npecial considerntions associanted vith a TPI mapeuver

that we do not renlly intend to excecute
M .
ward ¥, Tindall, Jr.
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. ymow : PA/Cuie?, Apollo Pata Priority Coordination Tl N
SUBJCY! Ascent Phase Misnlon Technlques meeting « February 21, 1968 _

: 1, 1Tn the absence of Charley Parker, our beloved leader, I inherited
. the job of chairing thin meeting which probably accounts for why ve

' d'dn't really get an avful lot dene, fiowever, there are a couple of
thinge that are propably worth reporting,

=, We dincusged tha importance of the “stage verify" digcrete to the
ppacecraft computer, Apparently, {ts sole purpose is to initislize the . :
DAP such that it may perform properly. Por example, it slops sending S,
ateering commsnds to the DPS trim gimbals. It also changes the space-
oraft mnes used in LAP operations from the ancent Btage, plux whatever N
remaino of the descent stage, to nacent mmss only. DBased on this
information it computes jat firing duration for attitude control
differently, of course, I had been concerned that failure to get this
plgnal during Ascent woild caude poor attitude control and we are
fnitiating a program change request to back up "stage verify" with the
"lanay surface flag" since whenever that event ocours use of the ascent
ptage only ia a certain'y, Jack Craven (Fop) pointed out that due to
the deplpgn of the syster the much more probable failure is to get a
"etage verify" nignal prematurely, If that happened, when ve are still
operating on the DFS, it would stop DFS steering and would make the RCS
attitude control extremely sluggish, That would be bad news! All that
{r required to do this is for elther of two relays to imdvertently

i e open.

7, As you know, we are planning to devote 8 short period of time
{mmodintely after landing on the lunar surface to cheekout of eritical
nystems, Thie would be done both onbeard and in the MCC leading to a
00/N0 00 for one CSM revolution (about 2 hours), This is exactly the

same sort of thing as the 00/HO QO for cne revolution following earth

1anch, Jack Craven mccepted the action item, which T had previously .
dls~ semd with Gene Kranz, to entablish how long it should take tc do )
this ‘systems eheck in order that we may make all other mingion planning

and crev procedurcs conoistant, It 1s expected to be if the ovrder of
%,m.mm..unleu {t takes n long time to really detect an APS pressure

enk, Until the 00/NO_00_we intond to_remsin—in-a—stato_{rom which ve

can instantly "abort stage" amd go, After that it will take Witw™

Asngers
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o Almort alil the rest of eur dincunsion doalt with what the commmnd T
module rhould be doling durlng and lmmedintely folloving LM auveont f'rom

R

©the lunar aurfree, One unrenolved quention waa vhethrr or hot the

commnd madile should attempi to ubcerve the IM amcent with the nextant,

It war not vlear vhat purpose woutd bu served other than more raptd .
nequisition for rendervoun navigation trmeking after insertior. It

reemed to un the mont lmportant thing, of course, was for the commmnd

module to take whatever stepa are ne'oesary to assure getting a good -
IM 2tnte vectar {n lta computer for rendegvous mamnsuver targeting es

goon nr poraihle, It scems almont certain that we should load the

nrominnl LM Inscrtion sthtn wnctor in the CMC from the ground prior to

LM ascent to guard agajnat subsequent communieation breakdown, It

wna alno nyreed that we should probabtly prepare the MCC to autowmtically

" inke the LM posteinsertion state veetor from the LM telemetry and trane-

mlt it back to the commaml module, Whnether ve would actually do this *
or not dependa on whether we lome more by forelng the command module to

atay fn the Uplink Commundt progma (P-27) thercby preventing rendezvous .
tracking and onboard mavigation for » substantinl perlud of time,  That —=
iz, anlysiz my fhow that with good VI ranging andfor scwtnnt, tckieg

the commum! module may be able to converge on an acceptable LM atate

veetor betinr witheut this ground particlpation, if it gete going more e
quickly. . :

v

Ry T ouens I oam attack.me the old “MIT me" in stating that we are
seriouc 1y handicapped by baving no rellable definitlon of the Luminary
futinre sarfacn and ascenc proprame (e,.¢., GSOP Chapters & and 5} I
unterciand revicw cosles of theae should be avatlable within 3 tw &
ekt and 1 Am oure nothing can be done to spered them up. We'll eat'un

+ Tindnll, Jr, o i
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PA/Chief, Apolio Data Priority Coort'ination =~ ~

Fifth "C" Mlssion Rendervous Mission Techniques meeting

1, We had another "C" Misslon Rendexvous Wission Techniques meeting
on February 23, We resolved a fev things and rewvorked the flow chartis
rome more at this meeting.

2, The first {tem dizcussed was a carryover from a previous meeting
dealing with how the primary guidance system aligns the SPS engine
prior to =ach SPS maneuver, As you know, engine gimdi °, trim angles

are stored in the DAP data load vhich are used to aligh the engine
pricr Lo ignition. Initial values will probably be loaded prior to
launch to align the thrust vector through the beat estimte of apace-
eraft cg porltion for the first 8F8 burn.° The current 1 sigms estimate
ia that thess yalues chould be within O.4° in piteh and yaw, Of course,
a: the englpe operates it {s possible for the computer to determine
better values to trim the engine thruest through the cg based on actual
performance, and the program can automatically store these updated
enpline gimbal trim angles in the DAP data load for use on the next
maneuver, However, it has been found 1t will only do this if the
mancuver ls greater than ebout 13.5 seconda in duration, During the
"o Misalon rendezvous exercise none of the three SP8 burne are as

long ns 13.5 seconds, and so the PNGCS will not sutomatically updnte
there critical parameters, The original values remain in memory to

b ueed agnin on each subaaquent maneuver,

3, As has besn roported previcusly, it is unnocessary to trim delta V
ryrtduale resulting from attitude excursions on the firet mmneuver, ani
go miamlignment on that burn io not too critical, However, they must
be trimmed on the second and third maneuvers of the rengezvous uxercise
(see next paragraph) and so failure to update gimbal trim angles would
remlt in excessive RCS coets, Therrfore, the flight controllere are
antablliahing a new antandard opernt.onnl precadures whereby they will
nacertaln {rom telemetry optimum trim angles during the first bum

tn be mlayed to the ovaw far tuput into the TAP data load prior to

tom fullowing burns, .



b, B L!ncberry Tt hic rendesvous analysis crev presented data tn

shov the great sensitivity of Terminel Phane Inltistlon {IPL) time

and burn attitude due to dinpersions in the second and third SF8 o
mncuverresoXCC,, And NORe It vas npreed that all residuale on theoe ‘ e
maneuvere must boe trimmed out since aot to 4o 8o would jeopardisze the " }
rendesvoun exerclne nnd would probably result in excessive RCS coata -
during n termiml phnso by not hiaving, catablished optisnm Initial ‘

conditionns for {t, For example, a 1 fps horiaontal, in plane residual

on elther NCC, or RSR produces a b mimute shift in TPI time,

T, M!1t Contella (FCOD) prerented the results of their study to
determine optimam 1liphting corditions for the terminal phace, Thia

very 12 belng completely documented, ‘The pointe of particular Intereat
t: un, however, are thnt they havw estahbliched that the ground targeted
maneuvers should be determined to caune TPI to occur at loeal sunset
plus 7 minutes to within * 1C mimutes. It was intereating to note that
the lighting constralnte are primrily assoclated with the braking
maneuver, vherean on Gemin! conulderation was aloo given to the lighting
condltionr nt TPL itnelf, Specifirnlly, they wanted to assure that the
spncecrnft breaks into daylight no later than the time at vhich they
have appronched Lo within one mile of ench other, and preferably 3 or h
milen, They alno want to assure at least 10 minutes in daylight .
following the impulnive braking time (TPF). e,

6., Roview of the Tlow charts caused us to reverae a deeision reported

in the 1nst mectinge minntes, Namely, 1t was stated that {f it were
determined the FNGCG had fnlled Just prior to the first 8PS burn, we
would continue on with the rendesvous oxercise ualng S8C8 for that
maneuver, lased on the data presented by the Ordital Rendezvous Analysis
prople showing the extreme rensivivity of the terminnl phase conditions
te smrll dinpersone in these SIS burns, it o evident that the rendezvous
13 nlmost certain to fall without PNGCS., Rather than embark on an
exmwelcn unler those ronditiona, we concluded the best course of action
wns to delny |t to the next day and do it then if the PNGCS can be made
to work in the interim, The 2-IVD battery lifeti{ms will have been
exhnusted by then, hut with the relatively short rangen {rvolived it in
£t!1) poecible the mextant will be able to provide adequate observationa
-without the S=IVBE light., Without PNGCS we might as well quit since

we ar~ nlmost assured of cxeeeding the RCS redline which would foree
abanlonment of the rendefvons before completion anyway.

T. 1 contacted Nell Towncend (PFD) nnd confirmed that making the
three SFG burns now planned within one revolution does not violate any
EPS cystemn constrainte, He la preparing A memo in support of this,
rnd I report with appreciation that the Syntems Engineering Division

s



(Dutch von Ehrenfricd) has_ziso aent me a pote okaying it.. I aleo
_anked nhoul the importance of the fuel slorh test that they have

tneluded in the timoline following the first 818 barn. This requires
minta.ning & period of no attitude tontrol for a consilerable pericd

of time which confliots with our desire to immediately initiate sextant ,
‘obzervations of the S.IVD for rendervour mavigation, Townsend read!ly -
ngreed that the fuel slosh test could be performed on 4 later maneuver

4n the mission and, thua, there wvas no need to trade of{ one of theece
activiticn agalinat the other, .

A, Tt wanr noted that the Flight Crev penple are conaldering adding o
pecond mideourse correctlon in the terminml phase at 12 minutes after
_TPI, in addition to the current one M0 mimutes after TPI, We'll hear
more nbout that st the next meeting vhich will be st 9:00 a.m, o1
Friday, March 1, 1968,%<ye'll probably start in the middle of the data
flowe this time to nee i we can pet to the end just once, Maybe
there's fomething interesting in that part of t}i:;

L Y
A\ ¥ v
owa W. Tindlll, Jr. ¢
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FA/Chief, Apollo Data Priority Coordination

funay Orvit Navigation and Targeting Mission Techniques meeting

1. A Misalon Techniques Dats Priority meeting is scheduled on
March 1k, 1968, at 9:00 a.m. in Bullding 30, Room 30kk4, to discuss
lunar urbit navigation and ascent and descent targeting. As you

are no douht avare, there are mny urresolved problems sssociated
with these operationa cn the lunar landing mission involving the
lunar orbit timeline, how the spacecraft and ground systems should
be used, the data flovw between them, the mathematical procedures and
dleplays required, and antlicipated performance and accuracies, OQur
discussion will touch on All these nc wvell ac a status report on
MEFN capability based on Lunar Orbiter data,

2, Participation by your orgunization ie requested,
. \_

Rovard W, Lnd‘u. Jr.

Addressees:
(See attached list)
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TROM PA/Chief, Apollo Data Priority Coontimmtion

-

t

SURIRET!  We will rtart Datn Priority Miunlon Tvehniquen meetinte on the Mizelon
"B Rendaavous,

.

]
cust A tae acadline proclaimtesswe will have pur firnt "t e le avoun
meeting at 10:00 n.m. on Mondny, Marca b, 1004, In Hoom o, Mllding b,
It will be n chort wickofr affnir w th emphasin on petting up to dote
or. the miscion and f1°ght plane nn they exist todny,
You're lnvited, Pleare excune the rhort el

L' 2
Ho\lﬂri Ww. Tindﬂll, JI‘.
Addrensers?
. (Ses ottached 1irt)
N
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Bome thinen sbout the UM computos oo uf progenm oot e 1 shontd be
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the Lom® ey precam,

by Dumrbm our atoen s oy thees wey wien o Can 4 Lo s

erow won bt eheer th BAT It oot vt o e el ettty

rrlm' e TiPt ol vy Hatreadly, o b e s by e e a0

pat permit this cleee Unoners oo b [£1% SRS IR PR DTS ¥ SRR A -
Tatmpe verity" dicercle renmes e pebgc e ceenfl, Me e C e
aerious deficiency teons b theer foblare ta Foo dhnt cigntl Lew

pome rensor durine the actand ascoat condd 0 eatortrophts, and, 1y

in no unneecsnary chnee any time af e Tee v o The peegy G T et
sthat nll "urther theusthy weald beowy e aceont stgee ey, T
digouneln, e with Chevey, e paon dont Dt f0 wonld he oty
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lmple matter te use the "lunae purface™ £1ap 2 n brekup to ntage
ver! Ty which would menn any bime nf'ter Innding the PAR sould be st
te the arcent parametern, Unfortunately, here mpming n JCR o
required and I urge that you have vne prepared for that prorram

chanpe,

"
. Hownrst W, Timdall, Jr,
cé:

(Sec attached 1lict)
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UNITED STATES GOVERNMENT

- Memorandum

See 1ist below : FEB 21 1968 *.
WH.ru

PA/Chief, Apollo Deta Priority Coordination

fourth Mission "C" Rendezvous Mission Techniques imtlng

1. As n result of our deliberations today (February 16) I think we have
finally dctermlned what to do about delta ¥V residuale on the NCC, mneuver,
Previcusly, 1% had been atated that we would probably trim out s 11 wmluea
but, in order to aave RCY, would allov larger values to propogate to the
subsequent maneuvers, NCC, and KSR, The gquestion to be answered was vhat
{s the dividing llne betwhan large and small residunls? We concluded today,
bnsed on muterial presented by Fd Lineberry, thal we would never trim eny
residunle nt NCC.. The rationale was as follows: NCC, and NSR are approxe
imately one revoi:ution apart. As s result sny out-of-plane residual
estublishes a node at NSR. Therefore, it may be eliminated at virtually
no cost by making 1% part of the NSR mepeuver, M Lineberry's data (see
attached curves) showas that a horizontal, in-plane residual grows by
approximately an order of magnitude to NCC_. That is, 1 fps at NCC

results in about a 9 fps (redial) maneuver-at WCC,, Since MSFN orb}t
determination uncertainty and targeting of that q&nntlty at mcl in in

the order of 2 fps (1 stgma), {t lo slmont certain we will have to make

in NCC,. maneuver. And, it is almost equally certain that it will ta of a
mgnitﬁde requiring an SPS burn., Accordingly, there seems to be nc senbe
in trimming emall lt('fl residuals., Their effect wvould be lost in the nolse.

9. We next gquestioned the magnitude of the NCC_ maneuver below which we
use RCS rather than 8PS, It is proposed that the smellest EFS maneuvers
be made a & second, minimum {mpulse burn, which {s the order of 15 fps.
The gquestion which nov arises {r which residuals, if any, should be
trimmed at NOC. and KSR? Ed Lineberry accepted the action item of
determining thg effsct of those residuals propogating into dispersion in
TPI time and differential altitude, and other bad things like that,

3, We next proceeded to go through the mission techniques logicel flow
charte updated based on discusalons at our last meeting. As usual, we
failed to get 1"ore than half way through and {t seems llke alow going.

“On the other hand, I feel as though ve dld make some progrens. JFor

example, we ssttled the question o¢f whether the crew or the ground would
cArTy out the operation of setting the spacecraft computer REFSMMAT [lag
such thnt the desired alignment relnyed from the ground would be uned by
the guldance system, It is a messy operatlon bu’ it was concluded that

the orew would have to do it since wa could not depend on pufficient
station coverage to accomplish it. The operation would be monltored from
the ground {f within alght of » atation but this was not tn be a conetmaint
on the operatlion,



-

k, We npain dinscusned at length the pre<phnins mmneuver which may be .
required to avold collinlon of the CS8M with the S.1VR prior to initiation

of the rendezvous exercise, Previously, we had {reluded this in the timee

1ine ‘as n standard muided bhurn with ground targeting ardd state vector

updating, ete. Bince it {u extramaly unlikely that the paneuver ¥ill be
required and cince {t will be only n smll RCS manvuver, it was felt to be
preferable to use the Average O Monitor Progrnm (P-47) nlong with inertinl
#imbal anglrn velayed from the ground. This procedure in simples wnd lenn

time conpumlng with anceptable accuracy, And doesn't undasirably dlstort

the timeline,

£, 'The next =ubjcct we got hung up on wnt vhat to dn LI the pre-NCC
puldance oystem tests fall ancvociated with fipal P52 fine alipynmeat and
fhe atar/aextant check (n the inertial burn attitude, It seemed wo had
three cholcest .

a) continue on with the rendezvous exercloe uning the 8CB for Nccl
and the rest of the maneuvers an necessary with ground targeting,

b) elip the rendervoun exerclse one revolution which degrades station
covernge (t.e., no coverage of NSR).

¢) slip the rendervoua exercise one dny resulting in exhausiion of
S.IVR power and attendant loas of the tracking light and ‘c-'band beacon,

After long nnd painful discunsions, consensun wAs to do the first, that is,
there would not seem to be mich to be galned by delaying or dropping. the
yepdezvous cxereire entirely, wherean it wan possible that we could get
aome rendezvoun experience and, at the very least, we vould ac¢conmplish
some of the SPO propulalon test.

- -ﬁ.— Since everyone was having such a good time we decided not to wait two .
weeks for the next meating. Accordingly, it is now scheduled for Friday, E
February 73, at 1 p.m. in Bullding 30, Room 3068. :

o— ' [
ALY .
L .

g Howard Tindall, Jr.

Enclosuyes 2

Addrenneen’
{Sce nttached lict)
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Memorandum

tee ot tolow _ mrﬂ:; 43 FEB 168
. m..m.'l'.hm‘ -

Gy <

PA/Chier, Apollo Mmta Priority Coorlination

Lunar Mlanion Reentry Miestlon Twolniguer mroting

Lo A Mauvlen ™eohnigues Data Proosty mectlase o actuniuled en
Mmreh 7, 1HS, at 0100 a.m, in B ldtng 2, Room 710, Lo diacuss
entry fom o lunar minsion, it mizelon phane besbe B oto 1D
an.re Lefore \anding argd lneLuden fLnnl midesurse mapeuvers 1
e ulrved, prepreation Cor recutyvy, and reentey (tenlf, W
axpect Lo pay particulsr ateentlon e data flow betwesn the
ground aml Lhe spaceeraf, crew mon!toringe teehnigquen to evnle
uate performance of the puldanes gyatem: and the erew procedures

for controlling recntry toth nominally and in the event of R.v.-*.tr-m-.-/—-"‘""

frilurca,

Je Your partielpation [o requerted,

Nownrd W, Tlainll, Jr.

Adderrocgs
{fee qttaenst 1let)

Reey 118 Navewes Bowdds Reerdarts om thy Pyl Sz imev Plan

———
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Memorandum i L Lty

goe Lt helow ’ oara:FEB 21 1888
6A-PA=T=3"7TA

pa/Chief, Apollo Data Priority Coordirmtion

™I platferm allpnnent

tamethine came out of Pon Berry's Mideourae Miselon T-ehnlgues meeting

of February T thoet I think atwuld Le nwdvert’ ced widely, Apparently,

we nov hnve agreemnt amons all pariiea, including FCOD and FOD, that

the profer plstform orientetlon for the ™! mancuver on & lunar mincion

1g the one established prelaunch on ihe pad for ure during thr launch
rhose, Of course, thie does nab produes zeros on the 8.pall during TLI.
The renson T am sending this note avonnt ir juet to make sure that
everyone knows ard is working in accordance with that monumental decislon,

\f-——

Howard W, Tindall, Jr.

Addyoanees: i
{See attached 1ist)

Bay 108, Savongs Bowdy Rogrdarly on the Paveoll Sacings Plan
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Memorandum

See 1list bolow oars: FEB 20 1968
HilePAeTeI0A
M/Chlef, Apolls Data Prinrity Cooriinmtion

Spacecraft computer programs controlling DPS throttling need some
changes,

1. On FPebruary 1b we tad & meeting with overyore at MBC, plus MIT and
Grumman, who are Interested in the way the npacceraft computur propram
throttles the Dencent Propulnlon Cyntem (DFR). Tuers has been concern
that the throttllng progmmme ac currently designed are nol adeguate for
the Descent Orblt Insertion (DOI) maneuver on a lunnr landing mlseion,
as well na belng rather Inflexiile for DFS mensuvers on the development.
fllghts. It was the purpose of our discussion to really understand how

- the PNGCS ic beling programmed now and, by considering this subject from

Rll uspento.--DPS constraints, crew proeedures, guldance stcuracy, ete,==a
to flgure out what we should do. As oxpected, At turned out a number of
program changes are highly deairable, !f not mendatoryl at least for the
lunar_landing misgsion. Fortunately, 1t appears that those considered most
neceasary nre expected to have little schedule ippact,

2. As I understand it, this is how the pencral purpose DFY thrunting
program {T-L0) works., As currently defined for both Sundance ant
Luminary this program determines, prior to Ignition, if the burn
duration at 10§ thruat will be greater or lesa than 9% seconds based on '
spacecraft welght and delta V. If 1t Ir less than 9% seconde the program
will not mnke u throttle change throughout the maneuver, that is, it
vould maintain and steer the entire maneuver nt 10% thrust. If the burn
duration is expected to be In excess of 95 seconds it will command 10%
thrust for o duration of time loaded in eraeable mrmory and then will
advance the throttle to the fixed high thrust natting of about 924
thrunt, This 104 thrus* duratton, which in now {n ernonble momory due

to n recent Program Change Roquert (FCR}, mus* be lowg wunough to permit
the engine to reach fuel feed and preasurieation system stability {that
ie, about 5 to 10 seconds) and nlso to insure that adequate eny e

flmbal trimming would have occurred to direct the thrust vector through
the ¢g, nrt least clese enough to be wlthin RCS attitude control uniler full
th ust conditions {ae much as 26 secondr},

3: The firnt proponed program chanpre, which ie connldercd mandato -y,
denls with how tho 104 thruot trim duratlon ls net Into the computer, It
in almost enrtaln that during a lunar landing minrlon this quantity munt
be chunged by the erew, For exemple, 1t will probably be set initially

-

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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g g il

P

to e Wnlue concintent with use of thw DIG an A lmckup to the 8, Then
ft will have to be renrt onve tn preperation for the pot mereer sl apnin
pri.or o powrred descent inltintlon, At preaoent theot sultings munt oe
gnds by the crew uning o universal service prog™mm for loading tnto an
cetal nddress. The proposed FCR ia to make thin -usntity & standard diaplay/
erev-lnpet parameter in the Aigital sutopilot (DAP) u.in lond routine (RO3).
Grorpn Cherry (MIT) ougeests use of » blank reglster available during
4i=piny of DFB gimbal angles in wvhich 104 thrust trim duration would be
1.splnyed and/or input in units of centircronds, This parnpnter would be
used to control the time at hieh ur “hrottle wvould e ndwineed by

petting 1t to A amnll value, It could wlcH be uned to lnsure that the
throttlsa 11 neve? ndyanced by input of a time kpown 1o be in excran of

the required burn duration at 1t%. Rick Nobles, Floyd Dennett (M}, omd
Tom Price (FS) will prepere this FCR wrich Qeorpe Cherry antic!pates vill
create 1lttle impact.

L., A second FCR, to be prepared by those same guys, requects removal of
the 95 second turn Jurntion tent drscribed apove. ™is FCR in nlso
considered mandntory since the presert logle would prevent an automptic
ehrottle lncrence for DOI aml ather snncuvers of similnr mepnitinie, ror
example, at 10% thrust the DOI mineuver taxes ahcut 60 secomdr. Sire
thif is lese than 95 seconds, the entire mneuver would be earricd (ut ot
104 thrust. On the other hand, propulsion people feel 1t rost des!rable
to make this mnneuver AS shart as poscidle in apinr to avold excestive
guper critical hellum prersure bulld up.

*, ‘The third PCH denls with erew Input of the thrurt level the PNGLS

vould automatleally eall for after oatirnfyins the 104 requirement, AR
noted above, the Program currently vill only adwance the throttle to the
9‘2}% polint. for a mancuver such as DO] some lower throttle retiim mst

be used in order to provide steady atnte conditions for n long enaurh
period mt thr high thrust levn? to glve accurately pulded ent off comditionn,
The propozal 1s to mke 1t possible to obtain an automatle throttle setting
at some intermediate value under setromut control, It wae noted that
there 15 another blank replater in the DAP data load routine (RG3) dfeplay
of LM and command module masses, Thins prosmm change may require more

time to lmplement than we are willing to accept am {t ls not considered
mandatory. lowvever, 1t i» only possible to pel slong without It 1f we
sccept manual throttle control by the crev, overriding tne FRGCS. e
opt'rational proesdure would be to eelect the mnual throttle modo and,
after adequate time at 1% thrust, the erew vould ndvance the throttle,

it e anticipnted they could hit the throttle sett ing deaired to within
about U% which in protatly okay. The computer would steer and eut off

the engline properly as lonp As the throttle netting is left undisturred
after the initlial advnnce, Incidentnlly, thiv procedure provides A manunl
throttlirp test during TOT which we felt might be nice prior to having to




uee it during the £inal stagen of powered descent, Thus, even i{f the
automtic mote provided by thin PCR were available, it In likely we would

use the manual operutional moxdie for DOI. 1In sddition to preparing thin

PCR, Rick Nobles and Floyd Bennett vill attempt to determine the inpaccurncies
associated with the manual throttle concrul procedure to insure that dlapera
sione are vithin accasptable bounds, Experience sinnd in the nlmalator le
esrential for this analysis, .

6. We next discussed whether or not the three FCR'e moted ahove anould
wlno be included In the Povered Dencent PP Thrust progrm (r-53)s The
ot second logie ls not in P-G3 now so obwloualy there {s no need to remove
that. The other two program changes ahould be made the nam: an P-U0 in
order to standardize procedures and to permit use of common routinen,

7. ‘The only other DPS thrust program in P-T0 which Le uned for DP3 nbortr.
Whnt to 4o with P-T0 {a not at all clear, For onc thing, a5 nov progrumned
aborts early {n povered dnncsnt result In a DFS shutdown folloved by an
attitude chanpe af mbout 160" and then a complete reignition sequence, No
ohe likes the iden of shutting off the engine at a tipe 1ike that, PFurthera
more there is concern that the engine should not be stopped nnd rctarted
acain ro quickly due to freezing preblems, Hovever, to {lx the program

to leave the engine on is a substantinl change and 30 we're golng to have
to look at thls one some more, Another problem associated with P=TO 18
that Chapters b and 5 of the GSOP sre not in aprecaent and the wny the
prog.mm ig currently coded it does not work, These are lntermal MIT
problema. lovever, I expect once they figurm out what to do we will get
involved,

A, In summry, there sve two progrum changes vhich really maat be mde,
neither of which should impact the schedule significantly, at leait on
Luminary. We confirmed thut there chould be no problem in controlling

the throttle manually during DOI and thers is some advantage to doinp it

that wny. However, an approval of a third FCR would provide the fleribility
needcl for automatic DPS ccatrol to lower than full thrunt, Whether or not

it is reaponable to turn off and then reatart the DIE an currently programmed
{n the abort progrsm rerain: to be reen, And, finally, there are rome deslign*
problems in the abort propram 1tpelf which MIT ment renolve themselveu,

werd W. Tindall, Jr.

Enclosure
List of Attendees

Addrenanco!
(Sec attached list)
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Memorandum

Misach bunning & Auairse

ych/Chief, GNC Bection sarsFEB 20 168
. (B-MTe35

/Deputy Chief

1anding redar reasonahleness

-

1. ] Here i another request for {nformtiote--thla time dealing with
1a radar reasonnblenesn, The hasle gueation 1a hov well ean the
erev eynlunte the quallty of the landing radar data from the dioplays
available to them prior to permitting the data to e nterpted by the
PNGCS? For exemple, is it poncible for il to read out the wiong
altitude but give every indlcation that (it ir pertorming 1n n perfectly
normel munner? Or can we be confident thet If wo see the dioplayn
moving smuothly that the data la protably right

2, The thitg I am afratd of ia thut the altitwde it indicatcs may be
quite dlfferent than the mvigate! PRGCH dirplayed value, pince 1
wvould not be surprimcd if the lntter coult be subatantlally in error
due to errorg, in the initlulization, terraln uicertainty, nuvipgnallon
error, ete, The point la i fure would bLe nice to be able to tell If
the radar vas working even in <he face of a large altitude difference,
since It i in that case wo need the rdpr data the mort,

IAN

Hownrd W. Tlm.\llp Jr. k).

eoy
CB/E. Aldrin, Jr.
N. Armatrong
¢. Conrmd
7M. Kayton
C. Te “ﬂekJ.Er
m G' MI Iﬂ\'
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rFA/C. Co Kxafe, Jr.
8. A. 5)oberg
Q. c; Critzea
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M. ¥. Jenkins
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FA/Chief, Apollo Date Priority Coordination

Iandmrks for lunar tracking

1, | 0n Meuraary 1 n bunch of us who had been working on pperationnl
procedures ansociated with lunar 1andmare trucking got together with
sume Of the Lunmar Mapping prople who have the responaibhility for
pelecting and precleely loeating the lumr Inndmarka to be uned,

This vas n rather refreahfng; grt topether rince, as strange as it may
scem, neither group knew much nbout what the other was doing In any
detail.l The thing that prompted the meeting was concern over the
reéent move to reduce the sun angle lover limit required during the
final descent phasc of a lunar landing mission,

2, Binca the conclurions of this meoting wvere later presented at an
FOP meeting nn! a subsequent ad hoe panel called by Morrie Jenkine, I
won't go into them in detall here. I'a sure mimtes of thoee
d'meuscions will be much more comprehensive than anything I could
write,

3, This note s Just to record..for me and yoleanaveral items of
interest,

a) It wvas pointed out that when working near the terminator
one-half of the vievw in the teleccope will be in sunlight &nd’the
other in earthshine which could present some type of a problem'to
the viewver,

b) It is lmposaible to use the scanning telescope in earthshine
due to tts poor lightegathertng capability for landmarke of any
res-onmble s!ze, therefore, the sextant would have to be utilized,

¢) The Lumar Mapping people Intend to prepare charts which are
roughly 30 mlles in latitude by b5 miles in longitude with the
1emting site close to the center. It in anticipated that the
relative locatlon from one feature to another will be accurate to
the order of 50 meters in latitude and longitude and 200 meters
yertically, (These sre 1 sigm values,)

By 11.S. Savings Bonds Regularly on the Paymll Savings Plan




¢) Iwch of thn lanimrks celvcted will b= lnoated within a elunier
of lnrger recognimable lnndanrke to anninb in aoquinition, It wao
emphnatzed to the Luwir Mapping people that thesw larger landmarkns
chould be noniuned identification and precisa coordinaten such that, '
1 In renl time Lt 18 impornible for the crev 0 fird the smaller
tnpdmrka, [t wonld be porsible for them to obrurve the larper vnee
ant permit dereonl targeting even chourh with somewhnt reducsd
weaueany, Mikr Conwiy (rﬂns vill roordinate Shis with Diok Nanen

Lo make sure Lhe RTCC Lo eat up o hantle them, '

r) The Luvar Magpia,, prople frlt it preferable 4o choose lanimarkn
within 3 or b milen of the landing nlte vllipre,

£} IL s tholy ponl to provids mt least 3 of thene clusters per
L A=
\(\u~
}b\i’ﬂl"l ul Tlhd!lll, J!‘.
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Memorandum R
flee ;ﬂm elow t patniFEB 18 068

GHe AT 1A

Fourth Minnton "M Rendervous Minnion Technlques meeting

""‘1. The firast {tem discussed at this Yebrusry 10 meoting renlly involved

al) Apollo rendervour, which secounte for the long nttendance linrt, The
rubject wap whether or not to change the orhital treavel bhatween Tevminal
thare Inftintion (TFI) and theoretienl braking from tho® te 130%. It
wap stated that thic chanke would mke necrerary revorking the crew
rroceduren for the 101 "C" mismion flight vhich would dela) Accurate
orav rendosvoue tenlalng arout 9 weekes This wap condldered unntceptnble
awnd 20 Lhe change (s 1x*t beinsa made on that flight, rgr nil other Arolln
repdesyvoun exsrainen it 1o intended to chanpe to & 1307 tranafer angle,
Thiv change 1ir enid to have very little effect on the smount of work
required to prepare for the misnions) there are no changer requited In
rpacocraft or ground puldance programs, or nnything elng we could think
of. The only disnlvaniage uncovsred was 8 nliphtly larger theoretienl
RO propellant vont which mast Y cleared with the AGPO ConTiriret lon
Control Bourd (Tindall and Cohtulla hawve the acttona. The ndvantapen
are primrily asrociated with the fact that the 130" tranufer-angle
provides nominally 2ero line-of-night raten during the breking phaae,
Thix permitc thea crev to make thore mancuvers earlier, more efficlently,
and more en:lly, Another advantapge |z that it resulin in & higher

" enargy transfer which reduces effect of TPI dispersionn.  Thir is

pariivularly lmportant iB the event of failure of the ranglng devicesss
tndar or VHF, A&so, 137 1is more conslctent with making the =idcourse
correction at %" after TPI ar ip currently proponed to take cure of
out-of-plane condltions more efficiently, The period following a 90°
midcourrne correction lo thought to bte mbout optimum, It ahould de
noted that the 1407 vyalue hed more merit some time ago when 1t wan

epneldapad acceptable to utilize larpe diffarcntinl altitude, Move

poant work on CGM reavun en! other nonenominnl rendezvour kltuat ons
hait ahown [ % ponalble tn maintaln tLhe lialtn h delow 75 miler which mainn
the theoreticni fuel saving for the 1h0° tmapnfer rather innipgnifleant,
A1l miarlon planning, orew proceduree, teaining, ete,, aaaoctntnd th
ths "D" mineton and nsubeoequent will utllize the naw 13 tranefer angle
unleon, and until, wve nre unnble to convinees the Confipumition Conv n)
honed that 1t's the PLght thing to o, ’

v Anpae(ated with e "DY mtneion we fimlly nll agreed Lo prores )
meonmdng tirs notilnal 1M commnd module feprration will be made under
the control of the AGR with residumls trimmed baoced on MNOCB., It o



felt to be a nnfo, wecurnte procedure which the erow hwin fouml enny Lo do - *
{h thelr almuilntors, )

3o We had wiml [ thought to be an exlivmely frulttl dineurnion on how Lhe
AGO ahould bw uped throughnub the rendevyoun sxepcioe ah Whe *U" mlunlon,
Althought It wag obvioun we did not renct apreement, T Lhink the dincuunton
brought thle pubjret elearly tnto focun aml two weokn of contemplation plun
csome rather almple annlytic atudien akould mke [t pretty eary to declde
what to do the next time we pgel topeather, It wan apreed that the role of
the AGD on thins minnlon Rhauld be tu wnke moat protuble she retym of the
LM to the commind module In the sveat of TMOCT fallure, It 10 tob {ntenled
to uee 1t to monitor Lhe FNOCK nor aheuld Lt be compromlsed to pet an
optimum nyrtemn tont on it, Therefore, the quentlont Lo be annwercd denl
with hov to keep the AGS in the best sinte of readiness to carry on n
successful rendezvous {n the event the FROXCS har falled. For example,

at what timee should the AGS bhe re<injbtialized from the PNUCS amd when,

if ever, phould radar data be fed {nto the AGRY To plve an iden of

vhat gort of thing we are thinking abont, I would 3lke to prosent my
proposal emphnnining that thle han, Ly ne mennn, been ngrecd upon, It tn
bnomd on the anpumption that the PNOCS Is still thought to de working
properly with nn objective to keep thv AR propared to take over in the
avent the FNGCS faile,

(») Checking of the FPNGCS would bo by comparinon with the ground
computed solution only. That 1u, romparisons of mansuver targeting “rom
other sourcea, such as the AGHE, buvkup charir or the QUM, would not he
made to eommit to the INOG. The FNUL! rolution would be used providing
it van within aoevptable limitn of the MIFN nolutlion,

(b) The state vectors in the AGS would be updated emch time PNGCS
vas confirmed to he acceptable, Thin will likely be st ench time it (n
c.amitted to mke the next maneuver uring the FNGCS,

(c) AOS alignmonts would be made cach time the PNOCE L8 reallgned
and ench time the atate vector in the AGE [# updnted from the PNOGO.

(d) No radar data would ever b Input tnte the AGH as lomg s the
PNOUS ie working, This is ‘the same procedure as I expect vill be uned
in the lunar minsion,

(1) There in no need t- prejare or 1earn to use hmok up charta for
CR an!/or CDH maneuvers,

In the event of a INOCS fatlure T would use the AGS In almont th~ fdent {en]
mnner in wvhich the Geminl apacceraft wan flown, That in, grouna tarex ted
rmencuvers up to TPT, then une of vrlar datn {0 the A Lo make onbunrd
computed maneuvera from ™I on Ing And, of esume, the eommnd modulne



SN :
could play 8 role here,  too, ponsibly moing the 11 maneuver snd/ow the A
Freking mancuver and, of nourne, jt rah tompule tnrgetitg for the TVT : A
for both 1taelf mmi the LM, eealunt a proposal, Incldontally, it wap
Intereating tv mny of use to loarn the LM hac a Cebund Radar beacon. _ Lk
This terds to increase confidence in the ground dquite n hit, i E

L, TRW distributed copiun of their firct cut at the micslon techniquen it
logical flow for the rendezvous exercine up to amd Lnoluding the soecalled _
{nnertion mancuyer mulo by the IM to break out of the initial footiall
repdezvous trojectory, ‘Thenoe flov chartn vill probably he reviewsd in

detatl at the next mueting. ’
A "
LM m []

fovard We Timdall, Jr. T
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UNITED STA NN QOVERNMENL
Memorandum

C O I/Mapager, Apolle tpaecemitl TYosrim oarx: FEB 117 1968
UllalAetle A
TROM @ 1A/Chief, Apollo Dnta Priority Coomitintion

UBJECT:  Deletion of TLI steering Yy the npasocraft

You d!d beltor Lhan you thoupht, The reguert for the changse wn
prepured by ARIO, coneurrcd cn by lnyton, Kra(t and your:s»ilr,
and forwariod 1o Headquarters over the Dlectortu nignntare In
the middio of Jununry, My feadgqunrtern aplor 011 me thilllp.
In only awnitlng Mueller'r coancurvenee betore lesuing the
diregtive, und It lo my unieretanding thie probably has already

occurred,
. /’-‘..—‘
& o
Hovard W, ™ dlll, oY,
Inelonure
Merorandum (leTM.TaOA,
. dated 1.16.18

PIMWTindn1l, Jr.ipd

By U Savmgy Bomdy Rogadavy on the Poyell Savonn Pl
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fre 118t helow oara: JAN L4 1360
' (R\aPA=To'7A

Mm/ohter, Apollo Datn Priority Coul ipn ! Lon

tnteat on T\

1, It looka Like all we need now Lo 1 Jgquarterts concurrente b
etimlnate commuind module gterring the Sajgii guling whe

T 0 tnbeknownat o me, MIT won Jdipegted Lo ntop wark ou
thin progrom (P-l"w) shortly lefare Chrinimas. ‘Miay entimated thnt
15 would brcom: pacling 11 they a4 wet atevt working agnin Ly
Jouary 1§ anl they nave bren tolil nol to atart, Work golng on
within MPAD vl TRW sapociated with thir apaccerft enprhildity n
alro Neing torminnted and I vecommend WCC proxymm st Annee Ao
MIC A1aplay roga!rementa be dropped Imediately, OO (or conr vy
w}l erfors weauired to make Lho %I Co/No 00 deetston miet b
continund, )

S, Duripg 'ne muwy yecant. discuanlonn al Tid, vraw ol Loy 1y when
the S-IVD o puided by the Buturn ayruem han Forwontedly come tt.

Tt 1a our current Intration o nae the avernee ¥ proaram {p-h'r)
from which 10 will Ba ponnihle o endl up dloptnyn ol yeloe' 1,
att{tude and Al Lwie TAtremabine fame prnmatoer:s that mye nyniinbde
Juping the Tnuneh phatcs Mire wllL reqilre n e Ll proyTnm clmnee
whisch the Flight softunre ftranch L conmlinal g with MY In
preparntion ot thw total FCR, 1 have heen toe11 thore in no vrhednde

TPl oo

g T '
‘ . ‘l“‘l‘ V) _' ‘i.ﬂ“_.‘*l-:_a_;hf_“ "
]

Zts

\

Learar e el 1, \{
! “,_J_s-_u_,__»-_f_{,_/ o \ foward W, Tindall, Jr.

Alirerceent
(fer uttnched e t)

R “TTRDALL—— T swr dun«*

Lreluud om ,uo.&-ﬁ-\ st weo
d‘M ﬂpu“o s Baaa ko
) Does QA new cassa N

2\ whe is r..ean:tu.-—\ £ Li-en oo

bloban ONSF SppAlova )
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NARA Manrsd Spatenrall Camer

Memomna’um Basion Passing & Anaipsls Mivision

Fo/cnief, Flight Control Division DATR: FEB 7 1968
fileFM-Te31
moM T™/Deputy Chisf

MUBJRCT: Prodlem of B-band during lunar landmark Sracking

1, Attaghed are the "antenpa" patternn for the Bohand and the
aaxtant I refored 2o during the Confliguration Qontrol Poant lant
woek, The apaceornft {a constmined to polnt such that the rextnm
In within that small circle in the middle (with the hair on thn
inaide), The bigger cirele that 11 in superimponed on !s tho
ecoverage the Baband antenna can provide vhich you nse in in tho
same direction aa the sextant plum & goed bit more, The little
reglon surrounding that ie suppoxedly within the coverage of the
S-band, but would cause the warning light to com on. The bly
area to the left and the small area on the right are where the
8-band cannct go at all,

&y Marty Jonneen, eser here, in vorking on precise allltuds Lime
hiantory profilen to ahow what the acturl situstion in Jduringn
landmark timoking pass, Whan he finlsnes witnhin the month we will

g0 over it with you if you are intersated, /
%7‘/

v

Howvard W, Tindall, Jv.

Enclosure

TMiEWTindall, Jr.:pJ
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UNITED STATES GOVERNMEN]
Memorandum |

See liot below ‘ DAT!:FEB 8 1368
bl PAT-30A

PA/Chief, Apollo Dnta Priority Coordlr‘ntion

Third "D" Misslon Rendnevous Mission Techniquen meeting

1. Wr hnd our third “"D" Mianion Rendezvour Minaion Techn!ques meeting
on January "9, I am afrald [t wis o rather frustrating meeting for
cyeryone,  But on asceornd thought-«-what's new?

Th——
Fo One thing we tld nccomplivh, which I eonelder nigniticant, fu that
evervonr asrees Lhe pommand module stiould be operated during the IM
nelive ropdesvous wn proposed in the laat minuten, that is, target the
CSM to make cliphtly delayved mirror image IM rendezvous maneuvers,

Ed Linctervy reported that for the CSM mirror {mage IM maneuvero with
one mimte time drlnye nre quite acceptable for miintaining the
rendevous ftuntlon.  Accordingly, {t !n propored that as n nom!nnal
proco lure s tareet the commnd module with the IM compited manewrs
to be oxecuted with a one minule time delay in the cvent the IM in
unable to maneuver,  There {a a refipnement under conelderation to be
made 1 the procedure, Namely, we will entablirh preflight smnll
deltn ¥V biures to be added by the CSM crew to the LM maneuver relayrd
to nim Ly voiee, It is anticipated these do not add =ignifieant
complexity *o Lthe operation and may avold dispernionn which, althouph
neceptalle, nre probably unnecensary, If future atudy rhowr this
refineren' Lo be n poer one, 1t will Le dropped,

3. Morr's Jenkine reported that the misston plan should probably Le
change i to mike the two short AFD burns with RCS interconnect tn:tend
rinee they centribute 11ttle ureful knowledge to AP or PNGCS prriomm-
ance and Jdo intreduve some minor dleadvantagen, He ptated thnt thenne
MINcuvers ate not necesonry to mect any miasion requirement. Thire

i roryone else's buniness., Of course, we'll he interested in the
resulte,

I, 1t horn Leen propanci that the initial separavion of the commind
molule from the LM Ue performed in n panner simlilar Lo that currently
pinnnet for the Innar Ianding minuten. On thnt mlosion one<half
revolutlon before DOI the comaind module will meke n radial 1 e
mneuver downwarl which yputa {t alipghtly in front of and at e same
altltude as the LM nt the time of DOI, On the "D" mission thi-
separation mnouver wonld occur one-hnalf A revolulton ltwfore L
fnltittion of the rendecvous pequenee which atarts with a Lo e

IM mancuver radinlly unward,  The Ulg quention wan which vehiole

Reey 1.8 Savings Bonds Regrlarly on the Paymil Savings Plan



should make thin 1 fpe mincuvereasthe ecomand module am on the lunar
Innding minaion or the 1M to aveld prruirting the command mdule nigte
vyector, Of thein two relatively woak cannlderationn, the latter neom.
mre yalld and 10 T propose that we earry this maneuver au IM antive
until nome overwhelming dlandvantnge in uncovered, Qbviously, the
maneuver would be carrted out ualng RCS propulsion and the Avermpe (3
proeram (P-47). The commnd module would update ita veraton of the IM
state vector with the Twarpget Delta V routine (R-30).

Ty Conmlderable di-ouneion centored on apareacrat't aotivitirn hetwonp
thin amll peparation mncuver apd the Inftiallieation of the fontinll
remlezvoun onr=hnlf revolution later, Fveryone apresd that the (M
should earry out nn undockerd flpe alignment of {to platform duripg Ule
darknern pertod {t enters about 1% mimnutes after peparation, It iv
probable that some LM radnr checks should aleo be made, but §ft wnn
apreed that thewe eheoin nhauld he performed in soms wny that ayalds
moAlPyEme He ctate vectore tn the 1LOC. I wan Lthe conesnrun Lhat thrne
rendesvotn radnre olirwntiops could potentially do harm to the atnto
vector, but conld crrininly not tmprove 1t,

6. Ry i1 the moct time nt thin mestine wne npent on selectlon of the
deelred plotform orientation for thia exerrcire, FRveryone nerecn (b omyet
be {n plane, tut (L acon Lecame evident that the final cholee of Lhre
Lneplane components munt be rather ATrhitrary, since there (0 no renlly
nlpntfieant adymntage to any of thore currmntly proposaed, '™in (n
prrsteularly tyie nines {4 s intended o utidize the ORDFAL to drlve
the ball, *hur abacuring the allignment uned, . In the aboence of
Apreement, Lthen, I would 1like to propore the follow!ng:

a) thnt a clople Lnertinl orientation (REFSMMAT) be uned throuphe
out the rntire Mmpdezvoun pequence,

b)  that the orirntatien be rpecified by ground computatione uring
the "denfred REFSMMAT' mode as opposed to using some onboard computcd
alignment,

e¢) thnt the or{entntion be determined nosocinted with the finsl IM
TPI of thr rptire rendervoun exrrcine,

d} that the platform alignment be nimilar to that encountered n
the lunar landing miestqn, that tn, 0, 0, 0 on the Inerttal ball when
the LM In orlented to colnilde with local vert{cal nt TPI or nome
roonsto.te apreificd number of minutes prior to TPI. The value "1
wns fyitwenbed, !

1) that commnd module alienment e vither &dontlcnl to or
diffrrent t'ram the IM by An Integer number af 60 Inerementa,

It 's to Lo noted that, with hoth vehielen operating, volee communtentionn
batwern Lhem atd the pround and eommned uplink capability will be d1re|eult,

AL bert durine ctation proees and the obieetive In thip propansal {0 to
keen Lh ot fioneyoloe comminicatinn:, provediron, ete,, weefn pimple wp
poas iblresate nvold sltuatlonn wh s a clony unteratanding hy all portlens

inmlved la Jropariiaed,




S T« There wan a trlef discussion of cloch synchronization of the two

‘ spacecraft, It wan not clear what the effect of non«aynchronization
{s, although it wvas reputed possible for the ground to synchroni ze
them vithin fractions of a second, This matter requires more thoupht.

B. If anyone comes, we'll get together again at 1:00 pam. on Februnry 1,
One thing to be dincussed 1|°the prosoaad change of the torminal phane
transfer angle (wt) from 140° to 130°...which probably applies to all
fllghts, )

L va B Ye
Howard W, Tindall, Jr.

Enclosure
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(See attached 1list)
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- Memorandum

Bee list below para: FoB 1 R
68aPA=T=29A

PA/Chief, Apollo Data Pricrity Coordination

mird Mission "C" Rendezvous Misaion Teohniques meeting

1, Based on our tvo previous meetings, TRW had prepared the firat
version of the mission techniques flov diagrame for the "C" Mission
Rendezvonus, Thia meeting on Esbaualy o was devoted to going throuph
that flow. Aa ucunl, in splte of the fact wa thought ve had cverye
thing nll worked out, we Tan into numeroua items requiring further
retolutlon.

2, ‘e first diccussion imvolved the logie associated with determining
whether or not a pre=phaslng maneuver need be made prior to the actual
rendervourn uxercice itself, Thie maneuver is only necessary if
disperaion: are far in excese of expected, It is intended to arerure
ne colllirion of the COM anl the 3eIVh regardless of whether the firat
maneuver lu the rondezyous nequence, NCC., in performed or not. In
the nominal flight plan the clorest appr%ach ia sonething like 0O
milen, and after finally finding out what this wvas all about we net
the GO/NO GO test for this meneuver based on the criteria that the
predicted elonest approach should never become less than 5 miles,

This vnlue wns made small in order to make the likelihood of the
maneuver extremely emall but was made large enough to compenrate for
any Lnaccuracy i{n orbit determination and mancuver dispersions,

3+ A number of ug were gurpriced to find that a Sextant trackling
rendezvous navigation exercise harn been planned by Flight Crew Duprort
people prior to the first maneuver in the rendezvous sequence {nce, ).
Apporently, it hnd been in the timeline all along but somehow we h&d
not motleced it, Provicusly, we hod all agreed on the degirabllity of
rendezvous navigntlor with the pextant following the NCC, mancuver oo
n opacecrnf{t systeme tent and, perhapes more important, n& on=thea=Jjob
tralning fr the erevw prior to the renl thing an orbit Jater, I puess
they nre golnpg to keep the rarlior esxerelae in the timeline too, tul
{t was emphnalzed that {t is a low priority aoetivity and if jt intere
feren with anything elie 1t ahould he tne firat to go,

L, In the sequence of preparing for the NCC., maneuver which ocowrn
within o few mimuten of exiting n darkness p&riod. we have Ineluded

a finnl fime alignment of the platform followed by a nextant/star
sheck made with the spacecraft in the !nertial NCCl mineuver attltule,

Koy 115, Narings Bonds Regularly on the Paymill Savings Plan
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The objective of thia ntar check wans to provide assurance that the whole
quidance system lo operating correctly, nt least to the extent of haviny
gotten the npacecraft Into the proper attitude for the mneuver, It was
ugreed by cveryons that on«time execution of the NOC, maneuver s of
highest priority amnd the erew people felt that no 10%! than 13 minuteo
thould be allottel to prepare for it, Accordingly, a ground rule wap
sstabllished that the orew would do this fine alignment of the platform
and then proceed to the saxtant/star spacecraft {nertial attitude cheok,
if time permitted, but that either or both would be terminated or
eliminated completely when the Time-to-0o to the maneuver reached 13
minutes. It wvas also agreed if the uxaunt/ltar check wvas performed
and irertial attitude error exceeded .9 that this vas indication
enough that nomething wvas wrong and the entire rendesyous sequence
would be delayed at least one rendezvous revolution,

5. Considerable discusnion dnsued regarding the NOO, and NOG, maneuvers,
particularly with regard to whether or not residuals“should b8 trimmed,
As of nov it la planned that in oier to save RC8 fuel only small resldunls
in NCC. wvould be trimmed and large residuals would de left to de taken
onre oi‘ hy NCC., more than likaly utilising the BFS engine, Ac reported
previously, M'Lineherry's people are in the process of amalyting the
nltuution parametrically to permit selection of the actual teat pumbers
defining "small" and “large residuals,” Tvo things agreed on weres

. s) Since the NCC, ani FER saneuvers are approximately one revolution
apart It |s probable }hnt any O teof-plane residual in NCC, can be easlly
and chenply removed at NSR. Therefore, it does not seen rinlonabln to

do any trimming in the out.of-plane direction at ncol.

b) The mntter of hov small an NCC, maneuver should be made with the
8PS wae tentatively resolved by saying“that the BEFS would be used for
any mneuver it could handle includ!ng use of the minimum impulse mode.
Thus, it would be used for maneuvers in the ovder of 10 to 15 fps and
greater, It was emphasired, too, that vhat~ver residuals do occur at
NCC. ™t be trimmed with the RCS in order to mintain an optimun

~ rentiexvour oltuation. .

6., There in nome concern about use of the SFB on thie first manned Ay B
minalen, particularly theoe firat mneuvera, Tor example, in there any %
prodlem (n making three O0F3 burne within one revolution? And, can ome '
of them b a minimum impulee burn¢ That {s, 1o there a fresning provlem
or somrthing? Any commente on this would be appretiated,

7. Thnt tn nll I ¢an rememder ‘that happened. The naxt meeting ia

achediled for Priday, February 16, nt 2100 a.me in Building 30, Room ' "
SO, ‘ o
' ‘ . .
LY\
Howvard W, Tinmdall, Jr, SRR
Enclooure _
Addrernrrny

(Doa nltached Lint)
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- Memorandum o

! Bee 1is% baiov

| PR/Ohtef, Apolls Data Priority Ocordinetion
supjcr: Rendezvous redar will be availadle during eritical umon }hﬁaén.

1+ | Somsthing rather astounding happened at the Apollo Apacecrafs
BoftWlre Configuration Control Board meeting on Tuesday, January 30,
It vas s0 shooking the word spread like wildfirel Mut just in caso T
you have not already heard, it looks like ve are going to get oo
rendervyour radar data on the downlink during the eritical IM powered S
flight minsion phases,) Previously, MIT had estimmtad that !t would
cause a three week impact on Luminary delivery to provide the capabil.
: i1ty of automatically boressighting the rendeavous radar on the commnd
module and gotting ite data on the downlink durliipg the Amacunt, snnent
and abort programs. As n result, t%hr;l_a_nnml tod thin proyram
chan, "t roved , hore detalind unalyacs,
however, showed they could provide these capabilities with no {mpnct
at all, and so we're going to get it, L :
.\, 2. During as Ascent Data Priority meeting a.vhile hack, wn hnd
concluded that we would do no rendezvous redar tracking of the e
] commnd module immedimtely prior to liftoff nor until the pitchover s
maneuver shortly after liftoff, at vhich time the command mndule |
would be within the fleld of view of the radar antenna in mode 1I,
It is probable we will align the antenna prior to liftoff to the
shaft and trunion angles which we anticipate would Jirect thc antenna
tovard the CSM and !4 vill have been povered up to whntever comlition - - ¢
1s necessary to parmit acquisition at that time, Thore Lz still T
some question an %o how well the antenna will mmintain that position R
vhen in the standby mode, but that seems relptively immaterial, S

- et

‘.‘ B
; <.’

Hoverd 4. Tiedall, Jr,

' -

Addresseest . e
j . (Bee mttached 1ist) : BEE T

x
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Ut sesltspuelew -

1 yW/Deputy Chiet

Bome Sundiak idlosyncresien

1, Hera ave A couple of thinga wvo learned durine tho Bundlnk PresUARR
peebing at MIT on Januury 05 dealing with preparation Lo mika n #utdod
paneuver, One dealt with the procedure for uplating the peemanent
state vector in the command wodule nosputer (CMC). As you know, the
CMC td1ilng propram (POO) updntes the state veator routinely Lased on
the followlng tecl, When POO 1A enteaped, 16 oheaky 10 oo 1L bl
current stute voutor Ju older than @ mimutea, If Lt Lo, 1 eaueen 1t
to be integrnted up to the prescnt time bubt If the Lime in lene Lhnn
9 minuten ‘érot' axample, 8 minuten and 45 megonda), 1t doen wnt do
Anything mxcopt et n timer which will caume 1t to cheok the ttabe
vector nge agnin In 9 minutes, Ohvioualy, thin mennn thnt i1 100 fu

, used to uplate 1t, the atate veator can grov almont 18 mimiter old,

. In preparntion for nome critical miwnion phasna ruch an Jabe in A

. thrust propeam, 11ks P=b0, 1% {a neconsary to brim the plate veotor

N\ up to date, Accordingly, it te weommended wo utilive Verh A3 Lo do

this mn a gtandard procedure, since that procedure does not have the
{inherent uncertainty of PFOO.

5, 'The other matter dealt with une of the External Delin V propram
(P-30). An you know, targeting for P-30 ia done imule'valy, that 1n,
3 componrnts of Delta V to La added at an tnetant of time. ‘Thin time
tag is ordinarily chonen to be the middle of the finite thwisting
period. In order to compensate lor orbital travel during thules reriod,
a rotation of the thruat vector in porformed in the thrust programs
{(P-i0), It wns reported that if P-30 is ever enterad after this
rotation Lo done Ln P-40, it ia done again on reentering P-h doudling
the rotation. Thua, if thin propgram sequence is tver fulloved, an
would happon Lf we updated the state veotor after entoring FhD, 1t
would be neceassry for the orev 0 reinsert the dasired delia V:a

via the DBKY. L '
3, It wno emphunirzed, however, that no harm (a done by enlling snd
recalling elther Pa30 or Psbn; it Is only when pgoing back

/éLq\Ji
Howard ¥, Tadall, JIr.

. Addreagesnt

N & {bev Atinohed Lint)

Buy U5, Savings Bonds Regularly on the Paymil Navings Plan
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UNITED STATES UOVERNMENT

Memorandum

! Bee liat Lelow pata: FEB 4 - 1968
(BeFA=TulIA
! PM/Chtef, Apollo Duta Priority Ovordinatien

1. On Fabruary 1 we had anothor menting on Junar reantry minsion
technliquen, Almort all of oux Alseuasion dealt wish the Linal
midcourse maneuver prior to entry. Ar you know, midcourse mineuveru
are currently planned to oceur appvoximately 12 hours after TEI which
is near tho aphere of influence of the moon and aboul 15 hourn prier
to reaching the Entry Interface (LOO,000 feet altitude), Analyoes
have shown (t {n hiphly probable that thene manmuvers will have to
he made and propellant {m Wdpoted for them, Planning hao slno
included a thinl mideouran manguvnr jurt prior to reentry, the noedl
for whieh i+ nowhere nenr ac certnln, Of course, it must be Included
in the timellne regandless of that, It is this midcourse maneuver we
discusred,

2y W'en vhould the maneuver be scheduled? Ron Berry atated that,
acoor{ing Tn the ¥ AtidI s, Theé maRITIME of dinpersiors at Entry
Interfaen (KI) arv reintively insennitive to the &ime At which the
- Liird mlidesurre maneuver {a mide ne long as it in no carlier than
#bout 5 hourn before (FI). Therefore, this consideration puts an
upper boundt on the time at which this maneuver must be made,
Pnul Pixley ntaten that for the cases they have examined it {s alwnyn
ponaible for the MiFN to ohtain a pood atate vector for entry inltiale
lzation provided the final mideourse maneuver occurs no ilnter than
¢ hourr Vefore EI. This MOFN tracking limitation estublishos the
lower bound, Selection of the actual time the maneuver phould bhe
made between these bounds ls primarily based on operational consideru-
tions. That is, we would like to make sure the crew timeline follow.ng
the mneuver Lo not unduly hurried and will be very mich interentnd in
the £light planning prople's input on thin (Tom Holloway please note),
Until romethine comer nlong to chnnge it, we propose for now to
echedule the BhIFd mlTeourne manciiver @ hours prior to 400,000 feet
ond 811 mi:Flon plannli g And AHALYT (A ACLIVICY TIOUTA T BNt —on thmt.,

B A

3. We alto artablished n eritertn upon which it will be posnitle fo
the_fllght controllern to ecatablirh the need for this mneuver in renl
time, Banod OR Ehe work oI UIAUAe BrnvesT grouf, T Ry mtrime- tant



a flight path danele dinpepprion nl K1 of dﬂu P eone Bteesd neeoptable,
Aveording to Pl Plxley, the MIFN In capable of determtnlng Lt
parameter Lo withile 0,00, glven 0 minuten ot Cracking wiiblp O bours
of FI. Wy uHhtrut't,lus; thie we entabl shed n €35m0t yath nipe te dbipeanion
Amit v G360 wn Lhe GO/NO 00 eriterin for whnther or et to mke tho
midvonrae mnenver,  hat tn, i A4y pr‘wt‘!('},nd_x}lp'hl, path anglr wi Kl
airfers from Whe desiend waldue Yoy more  Than (300, 7T PhTrd ml Joon i
maneuveds WXL DG TAUTULELS Accor!ing_to Pete Prank, thir vnlue tn
suffielently Inrge that the Llknlihood of the ChIFd mIdéburad wilicuver

io very low,

Lo Tt wan deoided thet the sbdeouraes minedaver, (¢ neoograry, will he
entively fnoplane, Tt cenund mite won retablonhod eed i 10 Bhbave
ptand by thnt vopey LHECT Snternl Tanting polnt sdhuntment {1 ave!ilnbte
without yery laree otitsofepinn mnouvere,  Nor n Jt necded cinee the
lifting reentry -footprint should provide more thanh ehough Intornl Iaand by
point enntrol, ,

o ANOthor probmd rale we eotahblehel wan that theee woiqld v oo

oompar [non of onbonesd avipat fon Lo MIFN iavignt lan nasoeinted with the
thizd mlaevnrne minenvery,  This 1o oa peceopsery constmint since ontonml
navipgation change: the OMC npacecrafl atale veetor, which Lo ay wvtercpte
able thing to do Jlust prlor to entrys Rarthermor, (18 unneceasney
anywny, rlpnee by that time In the mieclon we phould have suitielont mith
In the one which hor besn uplink rom Lhe ground wtthont that eonrae
vAmMpAT i nnh,

ty Mt waliae poree the qgenblon o ta how long beforn entry the proynd
thetrrmined state vectore propopnied to EI are of equnl nceuracy to that
determined onbonrd ainee, piven comminlent{on loss, at come point the
crew should abandon the MBEN ntate vectar and atart vy lymtion and
mincuver tnepeetineg ontoard,  The Mathemntical Phyelen Beanel s Oebltnd
Migaton Aralyel: Pennels poople wore plyen the setlon Tom of detemind e
thin vpoecevor polpt which le antlolpated to b well befors the peeem
mldemtrie muewver, Do olher womby, T expeet that onee we hnve oommi bted
the aparermaft to executine the prount eomputed tecond mideonrne mine uyer
urilisztne o MOFN . tate yector upinte, there chesidd Yoo further ciap
Larimerk /oy Rov! cor oxeretion carrlod out onborrd 1y apaecernft,

To Akl B B may Voo des tenk e G e o the taneg mia ton
pinn o ot oot Monbonpd Nav Lt ten and Heturene Loe e Lh tavgot fp"
vrepelie e o eyc o te o lther o fhe Leans Ly plve e of the miceton,
or more ™ rt:‘utt'thly, enrty Iy the trapronrth phinse to eva duats that
crpability, It LU Do o T amphncized that {4 1o n mo sma toenrt anly
aral that miviention ael onrertine of w11 Lhepe minegyeoss 8 LT e b e
onoprednd computation paven adegnte comminl oationn,

TR TN

TR




R, Another guestion which minbt be answered denlt w: th how noon bheforw
EI 1t I roaronubhlie for tue CMC Averape g prosrnm to niart running, Of
partlcular concern {a the affeut of upproximations on tha acourncy of
the nvernpe g Integeator when somputing the {aflurnun of Junt Lhe
pravitallon bhe apaerorafl {a axperirualng. Quldance and Neeformnes
Brangh la tu apoawer that,

2« In the current flight plan we propone that platform alignment. e
carrisd out barcd on n ground eompuicd REFGMMAT at | hours and 1 heur
prior to KI. (Wo otill haven't pinned down ita apreifie osfentation, )
In addition to the ground transmisnion of thin RFFOMMAT, Lt Lm necencaps
to aend up the apacecraft atnte veetors and Extornal Deltn V otagpotinge
—oparnmetern for the thilrd mideourie maneuver 1 14 1o eedesd, Aloa the

- odate ventor fer entry inttinlization minb bHe pert comebtime during the
laot hour before entry with Lte time tag close Lo Lhe predieted BT Lime,
10, Mheere wan eong Dlerable dinew Ton repanding Lhe gjnenopn Pt comte
enbly prorrare,y Devernl modifleattone haye bBoen propaoced, bl B e
avident from our dipevanlon thnt, we dldnth know enouph about Lhe curreant
definitlion o Lthepe programn to do apything.  We alro {nconcluntively
dlreunped tnitinliantlion of the IMD apaln, Accordingly, 1t wag deeldid
that our next mee! inye should Include partieipation by MIT nnd North

Amerlean perconnel, .
.
< MQ BUAN

Hovmed W Tindall, Jr,

Ynelomre )
Lict of Attondecs

Adropgeeey
(50(‘ attached Llot)
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See list below mﬂ.FEB S m

FM/Deputy Chief

Sundisk range rate computation i{s not real accurate,

i. As you know, one of the key parameters displayed during rendezvoud
is Tange rate based on the current state vectors {n the computer,
During our Sundick Pre<CARR meeting at MIT on January 25, it wvas
reported thut due to approximations used in its computation, this
parameter inherently has an error that cen grow %0 as much as S f'ps.
MIT hag already reduced this error as ruch as they can by rectifying
the solutlion every 100 seconds. Accordingly, it ia my impression that
the error grovs over each 100 second interval up to ae ruch as 5 fps,
at vhich time it {s reduced to rero agein. .

e lThis deficiency, if I can call it that, scemed significant m¢

first s:nce the command module crew carries out their terminal bLraking
schedule based on range and range rate. But considering the mich

larger errors we probably will encounter due o state vector inaccuracier,
1t will probably be lost in the noise vhich we had to be prepared for
anyway., This note is_Jjust to make sure that everyone who (s Interested
knows about this thing. -

Howard W, Tindall, Jr.

Addressees:
{See attached list)
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™/Deputy Chief

T™erminal phase transfer angle my be changed to 130°.

1. Extenscive analyses vere carried out in presnmtion for Qemint
repdezvou which 1led to our selection of a 1307 teorminnl phare
trnnafer nnple, Fntlmly lngepem!ent analyses on Apollo arparently
have led to seleetion of L0~ for the rendetvoun transfer angle,

More recently, however, people in the Flight Crew Operationn
Directorate have bheen re-examining this and, according to Bu:z Aldrin,
mRy roon ccrrro.*n the conelusion that theres ia sufficient advantage to
change to 1307, The primary rracson ic to minimise the line of sight
rater during the terminal dbraking in an effort to reduce fuel usncd
unnecesrnrily to eliminate perfectly nominal tyajectory characterintios
inherent In the present 1L0° transfer.

2. Since this proposal will influence the development flights ns well
1g the lunar, it would be well to get it resolved ASAP. Accornllngly,
{t will be discussed next Monday, Februsry 12, at the "D" Miscion
Rendezvou: Mission Techniques meeting to at least alyr the "pros"

"econs" and to see who is for and who is agin.
%r
T(dlll’ Jr.

Howard W.

Aldrrcrees:
(See attached Llixt)
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UNITED STAL IN GOVLRNMENT
Memorandum

FC’tlf'Ch!Ef, GRC Beotion DATR!® FEB 5 m
GlePA-T-22A
FA/Chter, Apollo Dnir Priority Cooniination

sUR{ECT:  (un we plnn nominnlly to burn APS to fuel depletion?

1, v np onr Ascent Misslon mehnigues meeting on January 1,
come Wb Lo o ther viuntflennt came upt. It_wvan thought by scvernl
af the pecile Hwds bist Lb ld nod. cont jdered necepiable to burn
e ATG et et _depletion.  If this in the cnne, § Am adre
w wpn bl ctones the way we intend o perform the nominal lupar
vendesyou - mie: fon, Az you know, the prescnt plan calls for
mkiry nl) eenvers after {arertion Into orbit with RCS and, of
eourre, iv @ thers Iooa chanee of running out of APS fuel we
wonld net oy-n the interconnect.

S, On the ather aead, Lt s porsitle to run the Arg to fuel
deple! con ]oam osure we would atleppt to mke the maneuvers using
Vheot enptie, recognlilng that if fuel depletion oncure during the
mancuyer we worlld have to fialsh 1t up with RCG. But, obviourly
Jhntover lolta ¥ owe nequired with the APS aives thnt. much saving
from our vrittenl RCS, Would you pleare have your people look
‘nto thoe nml let me know 1€ this le A reasonable vay to oprrate
the AIS in 4 nominnl misslon, I think Jerry Flllott picked up
this nelion item. I am writins thic note just to make sure you
hear abont. 1t, )

i, Inetldertally, it might alre influence how we use the APS on the
"o and "E" miseionn, too. 1'm not sur v, —

oward W. Tindall, Jr.

eet
(Ser nttnched 1int)

By 1N Suvmgs Bomds Regudarly o the Paymll Sarings Plan




: (@

SURJRCT:

SR, PR D W L L

UNITED STATES GOVERNMENT NASA. Mumsed Sposecrst
Liissin Masneg & Ansipeh
Memorandum |
¥i7/Chief, Quidance & Performance Branch varz: FEB 5 1968
68-Mk-121
/Deputy Chief *

During a discussion about reentry at lumar return velocities the
other day, the question came up as to vhen it vas okay to turn on
Average g. There was s0mw reason for vanting to do this abdout
one-half hour before arrival at k00,000 feet altitude. We all
recognized the inaccuracy vhich results from sccelerometer bias ,
but the tning we vere uncertain about was the inaccuracy due to
the approximations used in the average g processor itself. Could
you guys determine the relative accursey of the standard numerical
integration program used nnboerd the spacecraft and Average g for
4 case llke thia? You probably already know the ansver, having

vorked on 501 and 502, , -

NBoverd W. Tindall, Jr.

1 3
™/J. P. Mayer
C. R. Buse
M. V. Jenkins
M™0.3/R. P. Parten
J. Re Qurley
B. D. Murrah
FMS/C. A. Graves
M™S5/R. B. Ernull
™7/8. P. Mamn
R. 0. Nobles
FM/Branch Chiefs

PM:AWTindall, Jr.:p)
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See list below oara:FEB § 1968

“ 6874150 )
/Deputy Chief

"Invitation to DFS throttling for DOI meeting

1. Thie pemo_ls to notify you of a Jong overdue meeting., Even I

have Been avare for at least s year and e half of the lack of
definition of the spacecraft computer progmm requiremsnts associnbled
with throttling ae descent propulaion system (DF8), During thet time
ve have gone through a whold series of program change proposals---
some of which have been implemented, some discarded, What we munt do
is to get all interested parties together to pin this business down
once AMd for all In order to provide posttive 4tYe=tiof t6 MIT Yor
the TUllnary program.. Unfortupately, we are. probably niready far
late to_avold achodule impact.>,

2. Our primary problem derals with how we should use our guidance and
propulsion systeme to make the descent orbit insertion {DOI) mmneuver
on a lunar landing mission. Questiona imvolve:

a) hov long to remin at 104 thrust

b) what thrust level to proceed to for tha latter part of the burn?

¢) what sort of option should be provided the astroneuts and/or
the ground {n the contrcl of this maneuver?

d) what limitations the DFS imposes, such as helium pressure,
freezing, ete,

®) what sort of limitations the guildance system imposes primarily
invoelved In maneuver accuracy,

f) how the RICC rhould do the targeting for those maneuvers

k) what muidance mode should be used (that in, Lambert or External
Delta V

h) tha valie and teatrat{lity of providing a manunl throttle teat
during the mneuver

1) And I am sure there are mmny others,

Buy 1.5, Savings Bonds Regularly on the Payroll Savings Plam - = .-
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Js Accordingly, ve have set up a Reeting for February 1h starting at
9100 a.m., and posaidbly laating all day long, to attempt %0 resolve
all this and to develop a precise definition of spacecraft and groum
CONPUteT Progrem requirements, and perhaps, some mission rules and
procedures, ete, The meeting will Le held in Building 30, Room 20321,
You and/or your representatives are urged to attend, In fact, I
would appreciate it if you would review the distridution and see if 1
have overlooked anybody who should be there, and let them

G,
Rovard W. Tindall, Jr,

Addresgess;
CB/E. Aldrin

C. Conrad
M/Po Krnmer
20/D. C. Cheatham
Ea2/M. Kayton

C. T. Huckler
FC5/C. B. Parker

R. L. Carlton.
FM3/A. Nathan
/T, V. Bennntt
¥1/R. 0. Nodbles
’85/J. C. Stoken -
) T. P. Gidbson
J. E. Williams

MIT/IL/D. Hoag
FMIHWTindall, Jr.ip}
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Memorandum e Tt & e e
m/cutof, Mathematical Physics Brench %Pm 5 N8

/Deputy Chief

Sundiek V-matrix 18 & litile veird,
———— . g 7 ~Op——— & —— . -

B . v

puring our Bundisk Pre<OARR meeting at MIT on Junuary 29, Jerry levine
gave us & one hour briefing on some idioeyncrasies in the handling of
the W-matrix during the navigation progrems, fGenerally speaking, they
involved the manner in which it i propogated with time, I do not
think the wvay ve have the mission set up they should bother us, dut I
urge that you have Bob Bavely or someone become thoroughly familiar
vith this situation and make sure ve are doing right. Inoidentally, it
ts posaible to change the initial values of the matrix since they are

in erasable, in case you didn't knov, K
. [ ]
,,./”.),m 2,

cat
/3. P. Mayer
C., R. Husa
M. V. Janiﬂl
MS/R. P, Parten
\Tl R. Ml'!
8. D. MirTah
As Nathan
NG/R. B Braull
™I/8. P, ¥amn
R. 0. Nobdles

TN/Brench Chiefs
namNTindall, “a‘”
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oamsd Spanecrih Comm
Memorandum i Pansig § M Piin
Bee 1ist belov oars ﬁa!? ﬂ. '

Y™/Deputy Ohief

1M not expeated to fly

georage Lov announced at his Jnnuary 79 staff meeting thai the IM-2
mission vill not be £lown unless something unexpected turns up in
the postflight data analystis nov undervay, He termed this a
npeveraible declsion” until the final review date, nov set an
March 6, As I understand it, they intend to continue development
of the spacooraft just ss though 1+ would fly at least til that

date) (ts disposition after that has not been setadlished,

'Y o

Howaxd W, M‘u, I
Addressees;
WJO ?. Mayer
¢. Rs Ruse
M. V. Jenkins
m3/J. P. Bryant
J+ R Qurley
E. D, Murrah
A, Nathan
MbL/R, P, Parten
™5/R. B, Ermll
IN7/S. P, Mamn ;

M/Branch Chiefs
FMiHVTindell, Jr.1P)
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Preparntion Tof the rendeavous Setntennech:
vill probanrly ihelude une of the CBM il it
denived oriontation- for viewim: the allgnme
Ehes attiunl mintenance oFf this attilede:du
by, performed using the I A8,

e Y

" 6:% Probably the most'nigniticant concert coming.

© L 7. %the manner in vhich the commeud moduls should ba bpereted (1%
. ¥ M4 pendeavous,  The importance of this iz that it ‘not only bears on the-
e but, 42 soundd, would probabdly be uscd on all 1 rendeavous includin

" 1andirg fllcits’ The basic premise 1v tims wne-mowicimportinl thing X

" .:do {» to maintaln the optimm (neminal ) rondesvoud' situabion: . Thaly -

~%4s {mponslble Tor some reason for the LM to exoouts 7} te plannud mineivern o .

© 77 designed tu continue tho coelllptie rundesvius sequencs with optimua Lighting

T L mppronah angies, nominnl lioe af pipht retes Aiving bhong, foalnel hrakiiy

. veloeitles, =tv,, an well as eatlstyin prodfid - trnening conn i iRV ekttt r
> nighly Jesirable that the comsand mduls skecité 8 mncuver simont. Hmc) gl y

to nccomplloh the same objective. Acvordingly; the proposel under. win Ty

 {p to target the dommnd module to make s mnetvereith o short Limede

" ‘the plannet LM maneuver wnd then countdown Toth fehi eleo* going thrvuph thek

7 prethruit und- thrast proprams such that 10 1% SéYound the M JHinnAbis a0 f
. ' mineuver, the sommind module would continue its countdown end mikcud dot s

©. . Lipeberry riuted thot the'r studies huvg shown that. Almost eaneidy 1f

\_ - comditions 1 achieved by the commnd xodule performing the TM bt

- maneuver bsckwarde, And 5o, for operntionnl slmplicity, we wontd tarst,

L of thrae vehleloeg to exccute sgsentinily bhee same; mnstiver Usim, e ¥

. . pelta V agordimie rystem, the only dirference bedg- thal Lo eilipyid |

' maneuver woultd be tiokwarde, and the time of 1pHition inenhal, 2

.. queetlon of what delay mignitude rerulted in two_nation Lteew." 7
Y £1igh* orew wag .to determine the time ye uired fllowite Tant et e »

the IM enplne o evolunte the situation and estnblish tic pevil - P £ Thbiy
module to turn., ‘It a expected this fime to be nbout one, ami 10 BT Thim

s

’ tvo minuten, The necond task wma for the Rendeivous Analyais peanelr to Porteimn
m preametric ctuly to show the dopmmdntion ‘effwet in tnar of L:lBa~ Cig e

Y. " TPl time elippnge, vte., resulting from yarigus wiluws of deley timy fo
~ . - L commend moduln to vxpcute the maneuver, The - niie point (o b Ml
o Ao not frel it deasirable for the LM crev to spefid very mich tf
the situntion, ewmluwiting propulninn or guldance; stems |
e * 7 bo mintiin n velatively nominal rendezvous gitintion: pd Ter
© aommand moduln, *thus miking the "Mllare analyebe! operntion: @y miety Jiy
) tim erttleali v no e LUl S R

A PR ¢ cqn,!uriot'ion with thls_‘operntlon‘,’

" to relay to the commmnd module pilot the maneuver:ly : _
" ExtePnal Deltk V coordinate syotem, The commnd. mdule ptlot
_ 7. tarpeting t6 prepare for the Bockup maneiver-destibad dboww
' " is not enlled upon to mke the maneuvey, ne utilitew thnt same inf:
. . using the toscalled Target Delta V mr.mq_;(n;s?}) to update t
: : vector {n the CMC. BT, 2 g Tooml Ty

-



8, One nddjlLionn] prolilem asnorinted with thin latter polnt Jdesle ult.h;

- what to do if it 1= adJudged under iynvle for the LM to trim velocliy

reniduale In which cnse the mupruver prened to the CM for updating the
gtnte veetors is mot acrmuyte, Tuore wore three obvicua coursos of
notion ns follows: (a) lgnore the error and depend on sextant oboervne
tione to eliminats $t, (b) reortent. the LM in puch n way that they are
able to read out the Jolta V renidunls in the external delta V coord tnate
system to be relayed to the commerd wxlule, and {c) utillze the pround
nantvork taking the 1M atate vector from telemetry snd rolaying 1t tnek

to the commnnd module with the obvivur time delaye apsocinted with thnt.
This matter was not recolved and yrqulivs further gons lderation,

0, In order to navold mldweek travel wonfll ‘ta, we have found 1i neccasary
to abandon our plan 0 hold these mectingg overy other Wedpesdal. The
pext Mirelon "D" Rendewvour meeting (- currently echeduled for Monday
ufternoon, January o, nt 1:00 pem. In Biilding 30, Room
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PA/Chief, Apollo Data Priorily Coordination . v R S

"C" rendezvous open item cleza up : -

L

1. Peul Kramer, Phil Smaffer, Duz  !rel, T Lineberry, and myself

spent the morning of May 7 trying to ~lgose ous ma)or Open !'tems ':i**x
remnining on the "C" mission rendezvous, There items vere: 2
a, How to handle an excesaive nlip t{n TPl time, DRI ';;é“','.f-.:l"
. o7V | "_- :‘"{r‘
L) &

b, What kind of cross checking and hackup modes should be used for T
the TPl mnmeuver, SR

This memorwndum briefly summar!zes the results of our discuseion.

2, First of all, let me point out that without radar, {t is important
that the CSM does not approacn the S-IVB while In derknese since range
information is only obtained wisuslly. Also, the sun muzt not he too

near the line<of-sight - l.e., in back of the (SM - during b.aking for }
the same reason. These two conctraints can be used to establish m "window"
of nccepiable TFI times to provile ortimum lighting during “he braking
phare,

%. At thir meeting we concluded thet it is otil)l best to locate TPT
at the midpoint of darkness nominally.

b. In nddition, »~ have specifi=sd that tolerable slip in TFI time
Is from 12 minutes early to 1 minutes late about that nomiasl tim:.
That s, if the onboard rolut’on for TPI time, baced on the first sextant
rendezvous tracking prriod following NSR falls within that pericd, no
stepa will be taken to chanpe (t, (It. i currently estimted that the 3*
uncertainty of the onboard computation of TII time at that woint in the
miesion L4 b mimutes. Exceeding the boundn listed above by 4 minutes is
pot ‘inaceeptable, ) ‘

¢, On the other tand, if the predicted 1T time rlips :arlier ‘han 10
minvtes or later than 15 minutes, the TPY elevation angle i1l be ad justed
ns recescary to bring the TFI time back to the clonrest bouri. This {s done
nt follows, Let us arcume that at The end of the Tirs ratking period the
TFI time ir foun! to Yo more than 17 mimites early by havir: run throurh the
TrT proeeam (230) uatre the "nlevation angle option,” P would be paenllind
ucing the "TFT time optlon™ and the Jrew will imput a TP 1i-« exasectly 10

By U.S. Satingy Bamelv Regulurly om tix Payroll Savings Man



B I o L S

AL R RO

L T

b

b
30
P
i::

L] :.
)

minutes early in order to determine the elevatinn angle vhich will exist

at that time. They will then recall P34 using the "elevation angle option™
and will input that elevation angle. They will also relay thias elevation
angle to the ground in order that the MCC may determiny & backup solution .
for TPI.

3. Associated with this, we have made a small change to the crew timeline,
Bared on latest trajectory information, it has been determined that the
first sewtnant tracking period can be carricd out about 16 minutes earlier
than previously planned, even under the vorst p:'sible conditions. We

are roscheduling it enrlier in order to insure adequate time before the
necomd nextant rendezvous tracking period to carry out the operation _
noted above {f it 18 necesnary. Cpecifically, the firs® tracking pericd
w1ll now begin fi minutes before nominal TPI. Thin will occur no earller
than about eight minutes after local sunrise,

k. Deciding how to handle TPI compariron and backup solutions was a much
more difficult task., The following is cur proposal which e would b

hard precsed to defend, Specifically, there are four parameters associatel
with TPI, any one of which could create problems if oxcessively 1n error,
Therefore, it is our proposal that each of these parameters, as computed .
by the G&N, be compared with the hest altermmts source., If the difference
does not exceed eatablished limits on any of thegse parsmeters, the CAN

will have passed the test and its maneuver will be executed.- On the other
hand, if any one of the four fails the test, a hybrid maneuver wlll lm
executed, each of itn components being determined by the best altertate
source, In that event, the average "G" program {PuT) will be ured w
perrlt the G3M to navigate through the mmncuver, and sextart traching

and G&N navigation would be continued after the burn i{n ord:r to obtain

ag much dnta as possible for post-flight GAN performance apnlyais, However,
if the fallure exceeds twice the limit, we are arbitrarily recommending
that the G&ZN te abandoned completely. That is, no more sextant observations
would be taken if the indleated failure i» that gross,

5. The four GAN evaluation parameters are TFI time, and the three components
of delta ¥V measured in "line-of-sight"” coordinates, 1.e., slong the LOS

and perpendlicular to 1t both up {or down) and left (or right). The follove
inp, table lists what we felt to be the bent alternate source for each of
there paramoters and j.ives our current guess of the expectel 3¢ accuracies
for both that sryntem 1 nd the G&N.

[ PARAMRTER | B, RNATY GOURCE W BAS e (N ST VALY |
' _{ms) : _
Time of T | FDAI 8 Ball 2min | .1} ein 34 min
100 AV WER 1 fps b s 5 fpr
Up/Down &V Beckup Chart 3 fpo b Na T fys
left/Right &Vl Bockup Char*™ .- / | _3 fps b ofye 7 fpo

1 S ,

ey
B

oo . 5.,90«,‘8 L4 . ) B
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of course it s intended to replace the estimated 3g- values listed with = .
those obtained by up-to-date analysis, _ , : IR

" 6. Tt is resdily apparent that all we did was to add the largest anti-

cipated GAN error to the largest anticipated error of the comparison ,
source in order to obtain the test limit. This rather simple-minded T,
approach should make abandoning the PGNCS quite unlikely. On the other

“hand, it is felt that maneuver errors of that mmgnitude are not intolersble

for continuing the rendezvous exercise.

7. The procedures and techniques noted above will be incorporated in

all official couurolled documents, unless someone oObjects, Of course, they
wi1l then be subject to the same change control as everything else,

8. One other "C" rendezvous item vorth noting is with regerd to the KCC2
mancuver. Recent anatysis hrs rhown that it is not as likely to require an
5P3 burn as was previously thought, However, since RCS propellent ia
precious, I understani it 15 currently the flight controller'ts intention *
to reschedule it « delay it about tvo or three mimites - to force its
prowth to SPS nize (15 fps) If it "naturrlly” falls in the region between
10 and 15 fpo. N
Y
DN,

ward W. T‘lndall, Jre
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(See list attached)
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FA1/J. Chamberliin J. 8. Llevellyn_ TRW (Houston)/R. Beudresu
BAM/J. B, Lee J. C. Bostick , M, Fox -
EAS/P. M. Deans D, Massaro’ . - 0. Pittmu - e
FR/P. Vaven C. B. Parker W, R, lee, Jr. -
FE/R. Sawyer C. ¥. Charleoworth T, V. Barvey .1
L. Packham C. P. Detiterich TIW 5Rcdondo Rench)/R. Brnslou
FE13/M. J. Kingsley 5. L. Davie GBFC/F. 0. Vonbun, 550 L gl
Re Co Irvin W. E. Fenner *  B. Krurer, 550 .
KE3/E. L. Chleoine C. E. Pnules KiC/R. Do M:Cafferty (cm')
FEG/G. B. Glbson W. 3. Presley P. Baker (CFK) o
H. G. Fenner H. D. Reed RASA (Hae. /A, Merritt, m:;
FG/R. A. Cardiner P. C. Shaffer ,
FGo/D. €. Cheathom J. H. Creene
ma'r/w. Je Klinar x. W. Russell
H. . Emith S. G. Pales

EGh1/J. Innavay ‘ FL/J. B. Hammack
. Bghi'/B. Relne }8/L. C. Dunseith
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q...:r LM3 Aos vlll use xeu-rott acce'crometers

- 1_i.-'_‘-: _ Pob mrdtner announced at Osorge Low's April § lt.nrf uot!ng that Lo e T g
Li-» T “there arv no Abort Sensor Assemblies ®,.siluule with Bell leoohmtorl. S
On the other hand, one in avallable with the Kearfobt Uroup acceleroms

. eter: - ahead of schedule, It is their intention to use this one on .

B LM3. e B

Rote to Guidance and Performance Branch
should be able to get some real perforssn
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3

No npeeinl vi{cunl reference will be proviied for the final
tranearth midceourse correction maneuver : .

1. On May 7 vwe reviex~1 the need for an RICC program change to provide
a specinl visunl reference for the crew during the iast transearth
milcourse correction maneuver on a Lumar mission, We conciuded 1t is
not needed and that no new programming or displays are required,

2. The final transearth midcourse r~orrection maneuver has the follows
ing characteristics, It is scheduled to occur two hours before entry.
At that time, the spncecraft ls loonted approximstely on the earth=

moon line about 70,000 milen from the earth, The maneuver i{s ennentially N
horizen*al with respret to the enrth - perpeudicular to the earthemoon "'7
line.

3. The primary sublect under copsideraticn waa the use of the earth or .
the moon as a visual reference, This is partly s carry-over from using
the horizon as a reference during the rctrofire maneuver on earth orbltal .
miscions asince they are slmiliar mancuvers in a way « both set-up the
recntry trajectory, Unfortunately located an they are with respect to

a horizontal hurn, th. earth and moon ure bolth located in the woret
posaible places for uce as a burn attitude reference. Accordingly, we
concluded that our best course of action is to ure standard burn attitude
checks such as comparison with a properly aligned B80S and stars if they
are visalle,
-b,. It eshould be pointed out that lnrge orlentatior errors have relatively
1little effect on this unique maneuver rince components of delts V perpendi-. . -
cular to the one we nre trying to achieve don't do anything. Thua, misuligne
ment merely reduces the effective mngnitude of the mnneuwer by the co-ine

of the misnlignment angle.
Ci;l’\N)C2A4£:EA5) ‘('441[::&l/1A

Howard W, Tindall, (r,

Aldprsacer: . L.
{tee liet attached) . ' ST

PAIWTindn L1, Jreis

Buy U1.S. Savings Bonds Regnlarly on the Paymll Sacings Plan
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Memorandum

o, ! uidance and Prrformance Bianch pare: APR 30 )G
Attentlon: MM7/8. P. Mann

FROM : PA/Chief, Apollo Dnta Priority Coordimmtion

68-FA-7-914

RUJRCT:  PONCS/AOR elook synohronisation

During our "D/B” Henlezvour Data Priovity menting of April 19,
Al Mathen reportad that ft {s 1ivelv the PORCH and AGS clockr may
not be synchronized to hetier *nan 3/% of u necond < at jennt ir

[ we use the progedures currently plamped, This in probably ekay for
remiexvoud, hut T vander wnat 1t doms to our aacent and deacent
mon!itoring,

I Just wanted to mlert you in case thir {n somrthing yeur nennle
should be looking into if you hrven A alresady done no,

¥

Wrard ¥, Tindall, Je,

——

[
PM5/T. V. Bennett

PAIKNTINdALL, Jr.1)e

. — i ——— .
+

f
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s

Booan e
" pates APR 30 1986
1 érPA-FQiK?‘.“ : Bt

4

{
. PGNCS/AGB olook synchrenisasion ;

“7 . During our "D/E" Rendezvous Data Priority meeting of April 29, _ _

- .~ AL Mathan reported that it is ltkely the PONOS and AGS elocka may S
i ' not be aynohronised to better than 3/% of a recond - at leest if AR
P ' ve use the procedures currently plamned. This is probably okay for o oo
«f . rendesvous, dut I wonder what it does to our asocent and descent e
i monitoring, , .

. I Just wanted to alert you in ense thie is somethipg your people -
{ - should be looking into if you haven's\already done s=o. ~
P ~

R

Eovard W, Mndall, Jr

.\..a - eet -

ﬂﬁ/l’- V. Bennett . '
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1-PA/Ohief, Apollo Dnta Priority Coosdimtion =% -

both VIO* ranging and sextant data, the command module potentially has

" the LM FONCS dotermined mneuvers during m nominal flight and eould

note (Fipure 2) that, even if 000 nautical miles &a a hayd constralnt on --
" VHF ranging, it should be possible to get betwee:n 5 and 10 minutes worth

SPTERAL PO A
AT 'l BRTYN
S04 Prun (0 M) Win.a

UMNITED STATES GOVERNMENT

ARLY "!:
R

. e :.' m-n.,-m

OEM should have yood rendervous navigation in the lunar mission

. " N \ ’
v Aa you know, I have bean pushing to get the oapability hack intn
the commnd modulen gomputer pregiwm %o compute COI and CLI rendewvoun
mansuver targelliigs The resson I conaider thin veluable (s that with

a better rendagvous gutdance syntom than the LM, Thus, with thnt
enpa'onlty, {4 could provide the comparison "yard atlek" for evaluating

provide targeting for ita own maneuvers u' (1 nomnd poditla rescue
situntion axires. :

2. I submitted »n FOR for Colousus and MIT reuponded with a eix week
program delivery schodule rlip which, of course, {s unacceptable,
Therefors, thin PCR hae been added to the list of chanpen t0 bo cOhe
tidered for inter versions of Colosaus, During our discursion of this _
FCR, somoone romarked that the VP ranging device ir limited to une B
for ranges less than 200 nautical miles, whereas the nominal range at < =~
insertion is about 770 nsutical miles, end that lighting conditions for
sextant observation wers poor prior to the (SI and CDH maneuvera, If
this vere true, it would substantially reduco thie benefit of this
capability, and in fact, might make it imposalble to vee the command
module as noted wbove, I have ohecited (nto the matunl situstion for |
1unar remdesvous ami have found quite the opposite, The traoking d
conditiona are really .ery good. Attached to thia memorandum are
figurea which show this. They were lifted from an excellent semorandum -
6§umﬁh 17) written by a ouuple of B4 Linederry's people - James D. N
lexander and Prancisco J. 2. lLecn-Ouerrero., You will obierve (Figure 1 i;'
that approximately five minuton after {nsertion inta orb't hoth Apageoreft .. ‘
are in darkness vhich should make pextant tmmoking ideal and (n fact at mo .
time after that and peioy to TP ls the angle bntwon the LM and the sun . g
na obgarved from the command module less than 70%,  Furthermore, you wily -

of tracking bhefore O8I, which should 49 quite & bil of good. And, of course
A8 Id Lireberry aaya, there {s nothing sscred ubout doing OGT tnhat spon, -
That im, by delaying it % or 10 minutea, we could obtain nn #qQual amount

of extrs VHF teacking, Of couras, hopefully, VHF vill work at ranges. -5, :
greater than 200 miles, parsicularly, if we are willing to rmatriat mtu :
compuniontions, (Pigures 3 and h pre attached v,,nhov an cuuauy good
luune‘.on vill exist on the "M miuion.) E e,

' Bay U.S. Sevings Bends Reguiarly on the Payroll Sovings Plen



*

3. My basic purpose in mending around thir memornivium in to cinrify the
situation by distributing thia data, vhich 1 found very Intereating, ami
to reemphnsise the desirability of equipping and ytllising the COM In

000 Vedasy,

ward W, Tindnll, Jr.

Enclogures i

Addresnmen:
(Bee 1i:t attached)

PA!HWTIndall, Jr.ijo )
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Memora ndum

Y 7!&/Chnhmu, Apolle Softwar:e m“‘”"iﬂum, . ke ;:
- Control Poan X

 mom’ t PA/Chlef, Apollo mta Priority cmﬂ!hmt—-’—;f'i

. 5
- v

SUBJRCT! Resulte of "C" Mieu'on Meminovon: Reviev moeting « April 1, 1908
- o "; B ;
S 1. At your Yequeat, I cet up q meeting on o curTeat "CY missien .
_repdezvous problems vith part cipation by all traanizations intercoted.
in thie activity, ' attecho! sttenden Xlet will shdw you Lhey verw,
‘well repreacnted, Our pnale pirmoce wa to getrrmin: our o eétatus
of the situntion and to rocumes. vhepe *o 0 -Tror here vith perepd -
“to the prohileme whiern have peeontly been eiag e lisat f L e
mnd fmmpinative) privapily ae a result 8 she ervw trnu IR (3 SAFE 1.3
at K5C, :

. € In cumenry: - : _ L

. A. 1L Ia the Copsoprug funt 1) s Qupilek procean i qoccpllble. far - P
., , £ilcht « that ig, poogrem ohmeien 0! nee 1Opes need cut b omode, L
- N\ ; o ———— z,

b, Post release Sundisk procrm testing 18 undervay 68 further
verify Llte fl! :ht rewdiness,  Results te dnte hAve been hirbly satine
Tactory amd no nev program buge hnove been found., Tie testing in
continuing, hut conridence {n high that % wﬂ.l e coapletad nucoeaufun.v

¢ A mmber of apen lteme In (hn Mpx’ocefhu'-'s were Jdiacursed mrt
dec{n one were made wiieh vill permit conelatent, unified wnrk4n the w*'"* L ME
future with repard *o development of the erel timt- Ine, a!mlntlou activityt S5
program verification testing, ete. RN el , ¢

4. A number of riesirable prog L "‘h‘nf,al “NN dibeuancvl whieh nhoulﬁ
be Incorporated In tue folloveon ﬂﬁi!,,uﬂ&“ mm' progrumn, .

- Ench of these {tems will be a—tpufie\ “alev.

: " 3, TPoat releace vertification. 1e H.a of ;Eomm aa..cv mp«i ui"h "ht_
. ' rerdezvour ¢xardise, currently umenn), mna iﬁto 1hm f'uiapm'téu.
‘ 'l‘hcy are ag !‘ohmm: E :

T A, 'l\-nt ng.of the cextant rr}n‘; FARAW mv;gn .iﬁm ' '.'M: riinA hmie TaeEds S
T ~ 1aid out in detail covering the pe'.cfoi from tha ’#Ii ,,;ﬂeu'mr tothe V.
' > terminal phaer midoource MANOUVEY Naiwivew \.m&m\*l‘i‘ ueing ,nm at ﬁrﬁ--»
on their hua-by-mr. rimlator, thef: by cdd aimlm.w, sml

[
w ¥

b
et -~
i

L ", .

£
-

Buy U.S. 3\ sings Bonds Rugubemi3 om the Py bl Svios e~ -
| T Bonds ,

s o I *

g -pa




T engireering glmlniton prodmm, With Puynles jieangh (MMD) i dentpnbng 7
an pdditional min nbilising the rianl crov l—,ﬂw‘ﬂjum'. prrLe alt wivien am .
dofinwd In thip wemerondin,  MUP will nire maka Ahin Fune  Amsoniing W ‘
PLight finftwnee Jumpct, these tovee ping ape heing Eade & 1arh of L B
ol posd reloned wwrifiention amt wil) b wil) dosumented, B &

B, Tolve pominayonn barectine and burng pine govering | he porjod
betwern HIG Al breking have Leen fof el by MFAD A Flieght Urowe  For
of thees tante will b oun on Whe MY hitabyahit BIMILASOT ool 1100 oh
the Rorth Amepivan MEI0l, At} teelve of thepg NN e bedoe Pruee ket
thee ph Hhe MET opeein T cimadeae Tt Py Pk, the o it ad MYATY
prainmn, bl e LiEaby P LTt o b ik MW, Many o Bipea PR )
myn alponily lpdehy Mt ler 9IRk st kgt Law Loty D] ] vy favimbiy e &
In lhtdi?.h:n, I L LY I (S FE T YT ERTO B T TR SR P ke Lo A
-« ™inn have bron dntiy-rod ‘e Liw AN wt KO, ih RTSUTSVRERRRS e {r w0
- preaie LSt e B TETE  LE B T A R A S Y et soamainrar, f e ‘ "
Lk to tupl e T TR I TR i i TLE SR PE B B vl ey Ly denth et o N .
LA YR ther e Bheey T

' f, A completely ieportep b Vet pbnn s Daen e dpae 4 Ty 1w ot
poviewrd by MIC deflning & aerloe ef munc Lo e pede on the doeal Bitelve” |

blb simulator, w
. i IL wat Ripe popeanoie Lhat o phesso A emer b b ion o 2Ll tnli lesting shauld - = e
provide adeuatse ConPlienes in ik for 1t nee 1o tae U mbieion, o
_E %
K, frew Procsiugen
' -

In opier Lhat cveryone mey carry of ueing W pom Appronch, we
i ouroud and oho:y tiae foliow e or-+ poreites vhieh rhiai b e
ponp bdeesd o[‘f[.u??-‘n_‘. That le, they should not Lo ehamed Jlthout
frutner dipensaion aml wideapres:d Alanemination alnte 1o MANy orMiline
toons are eoneerned, .

n. The flret nnt mont lmportant tnvolved the worknround procedurs
for the terminal phace mdcouree mAnfUYEL tapaot ing Lrogram {Pa3®), It .-
nam hasm dendded o tawlle tnte pregenm defieionny Ly uaelpnntang thnt
the CIM ptate yeolor rather then Lhe feIVh atate yootor Lo nplrted bnged
At eestant obpepyntione aftes 111, fwate have shown thuat thin teehnigus
‘worka viry wall, In faet, it previden o theoreotionlly perfeet. nomtmn.’%

byt wan alro teeldad that the cpes would noke n noodLind “phong
aark" aftor the TPL srneuver nnd prior to boginhing movigstion. ¥, (A B ST
Cdrateten win made (i opite of the faol that W’An}‘i‘m'wn'nmmi bt s

‘ ﬂﬂL fl’ﬂt khgﬁ ﬁ;l‘"nt!l'lfl WA f""”""f‘lﬂlfw.




¢, The conceprun e bhat the “phony mork” {a nol pecenimry foliowing
the mideourne correchlon mancuver urt go (4 will not e made nt bt Lime,

de It wns declied to set the Deltn R and Delta ¥ tent parameter:
to zero no that after each sextant absarvation the crew will be foreed
to obrerve the effect of that obnervntion on the state vector. IL will
also cauce a program nlnarin to occur, The primmyy benefit to be pnined
from this procedurc te that {t w ll provide the crew with Informt on
reparding the trend of silnte vector chaneon which will be hetpful in
thelr edlcing procers, It rheadd e oroted Lhat tnis fo the proceduro
eurrentiy in une on 211 atmulaterer o MIT, KSC, MAC, ete. 10 wis uinerves
thnt af'er more v mulasor expericon -3, {0 may be o dan’onble bo lond ynioe

somewhst darper thnn 2ero Yo aleptl Oy toe erew aporation a 11ttle,  Thin

would be a minor modifieation o the procsdure,

#, Miced on the strong seecamemdntion off MIT, !V wan dceidod Lo
rointtinlive the Wermsel~ix durine the pecnmd navigntior period tetween
NoR and TP, This proccelure was aicre sdopted over the objost un o MPAD
peroonnel who intend to carry eal Siture anelysls to preovide their eontention
that it {e not nececearvy and rerbapa that 1L {o even ceamar.nye, There wan
nleo discusaton of the valne Lo b oed for reinttinllzation of th
Wamntr!x nt thip ‘ime, MI'T curpently propores L,000 Cest ant 1 fpa,
although Lt sceems Lhat vnlue: as much as three times larger may be
recommended pefore the flight.

fo The flight crev has concern over nllowing the averape "3" program
(P=hT7) to run contimously after the second mideourne correction, They
are afmid that the accaleremeter bias sy introduce unaceeptable erpor
In the atntc veotor, MPAD wau iven Lhe netion Ltem of determining, the
effect of varlous levelsa of saccclevometey bins actinge ovear Jdifferent
periods of time on the range nnd ranve rate displays. Thic informntion
should plve some ineight Into how the yystem should be operated when
someone costablishen wnat accelarometrr bhins we should txpect., As of now, tl
they will contlnue to run P=hj,

. At leant two program modifteatione should be conaldered for future
cpacecrnft programs!

1, It has come to light that the Sundizak short burn 8P8 lopie will
cnune a promature cne’ne shut Jdown nmounting to nbout four Tpe ae n o weaugt
af' rome {raccurate rpneeeralt chnragterictiea frozen In fixed computeor
merory. It is recommended that there parnmeters be loecated In eranible
go thnt they may be lorded af'ter true values are known,

bs There is an Infuriating "Delts V¥ residunl bounce" following
npacecralt maneuvers which preciaae neccurnte maneuver rxecutlon, MIT




16 in the process of tracking down the cause of thia, Hopefully {4 wmny
he fixed in the later programe or at leaat maybe we will find out what
it reslly is!

6. Finally, XSC nimulator people were aeked 1f any possible ussistance
not already available could be provided to help solve thelr problems.
It wan their oplnion that at this tlme they have a number of known

. things that must be done which will subatantinlly improve their facility

and until theme ars completed, they frel no organized help from MGC
or MIT would he particularly helpful,

N
“ .

WXl W.e Tindall, Jr.

Enelosure
List of nttendecen

ces
(See attached Llat)

PAIHWTLndall, Jr.:)c
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Memorandum
ra . See lirt below pate: APR 76 tuY

HH-FN-T-7

rmod @ FM/Deputy Chief

SUBJECT: Feoanlte ot the Apollo Spacecraft Foltware Sonfieurat on Con'rol
pomrd meenine of April 23

T meewratedum brLotLy summeri e the reoadto of teoruo et
rrisor 1y petints out o which PO . e approvel o Ji oV

e U UK

PR 1.7 - OF Chapter  ersmee o 8081 el Rebown sy coved,
- ﬂ.t"k"llﬂl
a, The following PCR's were aprroved:

‘ (1) PCR 1 - to perm't stortng the present SEM 0 it wocter
- vhile 1oing cle=lunar navirFa' on 4o tuat I 4t
{r sybeequently needed, {t ¢ not o ootroyed,

(:) PCR 14f < w 1l cause the gspacecraft ontry ral. protf:le to
be connintent with crew procrdurer - {,e.,
provide horizen reference to insure praper
serodynamic capture at sntry. Thiz was approve |
at the cost of one day,

(‘,) PCR 147 - will change the location of '!n Lanbert nrgot T
parametera to be in requentin] order in erarclblh
memory, conrirtent with the Unlveren] Updnte Prooivom
formt (VT1}.

b, ‘e fullow'ng PCR's were not approved:

{1} FCR 158 - to change the entry range prediction oroeaan .
"Augekugel.”  Schedule cost of one iy, Thr oo
to next meeting ~lnce the honil cov d el elunrly
underatand and mnke Sjudpment, MPAD 1+ to provid:
a formal presgentatior,

.} PCR 101 - Adding CSI/CDN tarpgeting Into tae 1 otedeiaon: oo
would enrt ni weekre anl may 1L 'E R tor o
Thia wan dien araved Al pul nte Coldoru 4

Buy U.S. Savings Bends Regularly on the Puyroil Saviv-c 7.




hopoer fo be reyaewed gt the ol Svint ey
development, plan mectinge 0 HET 00 e pbe of
weekr,

{.) ICR 13 - to provide o DBKY lieht 1o indienato VIS bat .
Thie waz tnbled untll Georpe Low's COH provent.o o
on ths hardware,

jo  COLAOTHUD 4. {for misslon "D" and/or "E")
™ rellowing FCR's were approved (I think):

ae IVH L . pulore teragu ng of the IMD to porm U s vt o0
tion flexib 1ity while avold ng o ombat doen,

Lo IOR 15C - will provids sn oqutometic "prococ (7 e o

dlsplay format when under peak poontry 0 P
W LI NARY

OB 197 - Lo gt renderyorr radare dota one Lhe o aownl v swho 0 one Ly
1voar surface, MIT evaluntion g inecmpl te s ltheaeh
apparently Lhe irprcet = approximatoly two daye, bl oo
nuntil detalled Information In availalla,

%« FCN': by MIT (vight of them) arr tentatively approved bur w11 be
formnlly roviewed at the pext mecting, Moot are GIOP ant/or oo
chanee. MTT frela nre necessary to muke the program work oped mesf tpo i
flenticnr, There nre ssyeral that MPAD people should fnvect ipate e for
then, Jtan Mann 1s personally contacting thone concoerned to gt theirv
comrents, If there (3 no objection, they will be approved, -

o Qeotid o

As
1 W, Tlndnll, Jr.

Addresooen;
FM/J. . Mayer
Je Fo Huns
M. V. Joenkine
FMY /1 L Iartaon
Je . oy
feo. Murrah
A, Dothen
R S PP AU R R
ML el 1y
H, Iy Onvely
M- 'R, i, Krnull
FW./R, feeler
FM?/3. [. Mann
He 1y Nobile:
M el Chie

"M:' 'y il 1 .Jr. :'lt.
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Boe lint below
laTheTeBiA

}‘A/Ciﬂol‘, Apollo Data IMlovity Uowni et lon

Dencent. Orblt Innuz-fion (101) monitoring nml nhort proondures
nre propoaed

1, temetiine valher tpteredatone e aut oar Bl Bonpetd e aprit e
penoent Mieplon Tveehntaues mecbing that 1 winld 1tam tn poani avound,
It har Lo do with monituring the nOT mreuver,

o, Previounly, ln diccurrions vith 14 Lineberry's micclion planning
people, Lt had been fropored thnt {f an abort phould he neaerrary
within the firat 10 minutoa or o sty NI, the bent tachnigque wad
not to ¢o through an rutire corlliptic rendazvoun hoquence, hut

rathey want to thrunt back Af{paetly toward the CHEM with wufficlient
deltn ¥V to insure clomire snd to ¢o ptealght inte the standanl Lraking
prouedures, The delts ¥V required to de thic (e dn the oprder of 100
fps to be mpplied directly slonw the line-af-night, At the time of
our discussion on this, no on# had thought of any reason for abortin:
in tint vhort period and co 1 d1d not tuclude thin technlque in my
aunar Rendervous Abort Fummary” memorandum, which hac niready provh
too lony, Howevey, when wi vonotiderrd monitoring DO, nruch wn nbort
aitustion becnme rendily apparant, eperifically, we concluded I an
LM PONCS and/or MIS failure occurs during NOI - particulrrly if we
have elther overburn or underburn - we ahould use the ebort procedires
noted above, The alternate 13 to delny the abort action and mccept o
LM rendogvous from above with aither the LM FONCH or DIB not working

properly,

1, The pyntema hyailable tor monitoring the IONCH controlled NOT Mirn
are obviounly the AGHE nnd the elock, Te intler of cour:d {n very cruds
since it only takes an overiurn of 13 fps on a nominal 7O fps [OLl to
yenult in lunar tmpact and thir nert of disparsion would orseur within
twe or threo necondn at half thrurt, 1f the AGE or the bturn duratlen
{ndiente PONCS har commanded an #ryronsoun burn mapnitude, 1t 15 only
necgaunyy to piteh tie IM ta acqilre rendapyoun radnp lovkeon to flned
out. whntin up, Blnca the CHM tn Torated directly nhosd of the WM dur'ne

this Trtroprade maneuver, the rangeerate {pdleation {& nll that ie heeded

to determine I the proper deita V hnn teon attained or not, We alro
cotisidopred yae ot the COM VMY rungsing devies in thin mon! tor{ns, hut

mulekly voneludad that einee 1L deen et direetly rungeerate, towould
probakly not be vevy wreful, Of ¢oaree, DOI ocoure bahind Lhr moon i
MIIN 1r out of the plotuye,




by im the cowent o8 om0 St e, thee 1M oereow phttd aloon by w g
alorge te o OM Thpeent gt and Vosset und i o eloatge oo aldt b !
£ fpe e g tawed oo the ol woda rRdar (RILG AR R K LT PRI S B
ety b cbiable Voo gede Then medegveg by nbadng and undag fome ol
HE Wikl the bideracmen ! npen,

by Onvtownty, detatled proosdiren and ayntesn utilieation ne only o
the predlminavy deetpn phnee on nll thic,  On the ather hond, ‘the concpt
druerihed here in hettor thap manyth!ing oles we eould thitkh of nog in
prpetainty Foneibh ., 1 wentiad to wmake you awvare of 16 ano ol it your
Lhoupht:,

U

’ ‘Q’ﬁ " -4 ..C‘.( t.U,QJ(-"

Hnunrd W, r1m

MNidyep e
('.'.m' Viet attachod)

PA:IWTI nedntl, Jr.:le
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Memorandum

fine 1int belaw parn: APR ¢ 71968
N‘.W\v’ﬂ-” '.f\
ra/Chiet, Apallo Dnta Priovity Coord'nation

gtatus evnluntion meeting « "e® Mimslon Rendenvous

1, Anownst of van are prolubily Auaps, we have a epecint @0 Mo
T reimpyoun meeling dotednled tor Aprtl pharting nt ooy, g
Yoo of mlining Thi: memorandum ip O detine bt purtoory b
underntand 10, It lc anliu to inform you thot anothrr nomewhd felab i
meetlng which had beed acterdutes for April 15 ropardling OOM P ondevvour
Navigntion ia to be tncorporet=d into this Mopday's meeling,

™ Cons domhie Lrouble s teey pxperiepted Ly the f1pehb erow vy
pendesyou aimintionn on the Cnpt AM3.  leview of [dllhiah tevi Peeieh e
han nlno uncoversd come pro temc ‘n that computer quinge A cerien of
new program testa hhye boen dasigned opnd MIT, FOD, un! othore nre In the
procees of enrrying them out. workaround procedures have breen proposod
for theae knawn propram Aefletenoirn, Al his April 9, Loftwaru conl o=
tion Control Board meeting, My, Kraft requeated that T et upoa mentine
to determine what the nltuntion veally te and where to gn Trom here. 1t
in to determine 1L new A ioh Topes MuAt be made,  Whieh, [ nny, work=
around proceduren phoi)d be adopted) te poylew the test resulta and
determine (I ndditlonal tepting should be garried ot and where, ote, It
{e my hope we will settir On some Torttive recormandntl ne AT this meetine
to proposn to the Apullo gpacecraft poftware confipuration Con'rol Bosnmd
on April 74, Anyone thnt has anything te gontritute {n thin aren in
ine¢'ted to attond ant particlipate, 1t ia very important that wn pet Hhe#
thingn nrttled once and for all, if pomsible, alnee time La prowing ehort,

1, The meetlne previounly nehediiled For April Ut is somowhnt relrted npd
paprtainly regquiren participntion by many at the name peonle, pretieainrly
Mim, Accowmtingly, 1t peemsd lopienl O renchedints Lhn!l meebline fugned {ntely
rollavinge the on# d1rounned ahove, Tta purpore ia nomAwhy G T Ceruht
tpeal flenily, b e preagme evidenl that the oprrationl peaple, Urew ‘el
Fiight Qontyed, o Syt Ay tar] very well how L _vex iant aptlesvonn

puv bt ien WOk mnrl_r_n_n_u_ur.‘ll.‘_ This meating wis Bt np 0 hopes Ll e
vould ATadice tRla proceens In non-mathomatienl teyms to plye nome et
iardeht lnta<how Lt vorks, In nddltion, we wanted to eyl Lhe yeonlee !
the oxtonsive noaly: 8 earried out by vartous oraant. eLior, ppee e’

the nxtient of the trnjectory dlapersionn nrel avotem: AITPEFS ST TS SN .

pree b et ignted ane Lhe resulta of how well PUoperrarmec, T s oo

Bay L).5. Savings Bonds Roenlariy m the antl Sarinet P’.;.rf_"'__‘_




R sty oA

the betior the aperationnl peapls Yho will be prvebeel ta e aotung
f1ight. umterstand the syat=m, the Letter the chances are they will
operate [t correctly.

by, It !m not olear how long it will take to go ovse mll theno thing,
no wa nrn prepared to spend all of Monday plun Tuanday morning, 10 tt
turns out to he nacessary, I hope you or your penple will he alle o
Jotn un,

ywnrd W, ocitndail, Jdi,

LﬂA L'le_,%m) ‘
/

Ao oot
(Bve nttnched 1iet)
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UNITED RTATES QOVERNMENT

Memorandum

Hoe Livt berlow vATR: APR * 6 1768

’_Jé":qu-T-}‘m
YA/Chief, Apollo Data Priority Coonlination

"ot pendesyoun Misnion Teckniguon Dleview

1., Attnchst Oon pewpimbeaey U B T T R S 28 5 SR R T |
Tochniquen tooument, TV ta 1o b er wumerous St 6o MUY
working sroup involving Fliser opormt.on LirestareYs  Flioont Cro
Divectornte, nnd Enpineering ool ovelopeeoy Pl tom, e peapde

amt thetr conlractorn,  Altae ot thoere A ot 1L known flawe ahed
pome open L4 oms, we have reached nopolint where wlider papticripntion
In degirnble In deyedepliny the teohntguen thie dorur nt refieetn,
Accortingly, we are dietribubing Lo you with the perquent Lihnt
you und/ar your peuple reviow ! anl Pher come teon enamdinatlon
meeting prepared to comment, critictre, or what have you.

n, At this meeting, it Ir our intentlon to go through thie dnta flow
in detnil to pive a completr underntaniine of the proponed mii:fon
techniques and to review apd lneorporate whatever ureful otinngen come
up, T™hin mesting 1s currently genhnduled for Thurrdny, Mpy i) In Room
Tlh of RFutlding 7,

3, Additlonnl copies of thin document may be ohtained from Joanne
Sancher in Room I06G8A of Mmiilding 30.

Howard W, Tindall, Jr.
Enclosure

AdilynRaern
{Lee atinched 1io t)

Buy 1.5, Saviney Bonds Resulorly on the P ovrell Savingt Plan
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FM/Deputy Chief

.

Renultn of tha Apollo ipacvarstft Scoftvare Confligurnvion Control honrd
meating of April 9

Mhin momoranaum brirfly rumrnrizen the rerultn o the subgdeel meet e,
For deta{l, 1 would =u .- .o eeptast toe TR .

sprodfic program Shang C o0 moyou are fnber.o . 0 Ve o1l wWolo hate
that POR mctivity doern't weom to oo rlacking oft wns.

A, SINDAICE ITEMS

1. Boveral PCR's were aprroved to retlrct chapees ALres iy i
TrogTam - to wit,

A, TCR'a 14" 1 sk affect the delta Vomonitar,
b, PCR Yk oaps e e the remdesvorn radar Foeapeh voatlie o !

eltminates toae -;g!mmtic attitinle mnreuyver whon e oony
angle vareed W tn order to avolid - IGKY dinglay voet] oty

bas

., Tere were two FCR's tc make the IM roftware and hardware
evmpatiblea,

n, TCR 1b!' war approved to fix o GADC FDAI errvor anpd proviae
full senle L rlootion for 5% attitude errvor,

b. FPCR 141 woult have compencuted for some GAEC bardware whiu:i
doesn't mert cvrcificatione but was not approved due *o
excegsive rohedule slip., It involves the DPE trim gimbal
nlarm whirh hnn come on when 1t rheuldn't, ™ia 'n oo
md oy P oo hapdenre i, AL Yomrt el om0

Cbetng treen oo Tawte (OR,
ce Finelly, weodntond teoaienna the rlenlf cane ot M

Vorifyt et e e FACT 0E ween SR AR R ‘ Gt

bt owagl !t preve o therp DY o AL ey iver o o

Wity . L wouid o better o guat et an b e ntae

v Lo oveptide 17 necoapary,

Buy L 5. Savengr Bonit Regularly on the Payroll Savengs [av
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B,  LUMINATIY TTEMD

1. ™ following I o owere apprevedy

2e  PCN's 106 ani 144 o doTete the mpcent LTL wi' time comph-
tations P-lu and tell.

he FCR L1 ta pr ooy Jde an abort laeey btan orbit npogee off (0
Bebis PRIOP 0 b o0 pate and ) Bome after nigh sgute (two
dnya),

ee POTLIGO « AR improvem nt in o the rate command nttstude hold
enpabi ity (Lwo dmyn),

4. FCR 118 to almplify the procced and ir' "Bl 1ogle in R1.°%

e PCR 147 which permite we of landing rodar data sturting n
ah K0 foet eather than 20,000 et nltitule,

fo PCR 174 applies to the repdecvous vradar seavel rout ne. 1t
eliminates the mitomatic avt tude manonvyer when the vk gy e
eveenddn 30" tn arder to avold a JEKY dinplay confilet,

v IO Tth whioh adde whnt may beoan outotapding cnpailbity
depaprving nomemo of 1hs owny Tt onemmite pulee Yora e
the M to a new orlen:ation s out mking ctar obauryne
tiont., Tt lu snid to e accurate of 0.1 to 0.0 of Lin angic .
through which the IMU {a torqued, Maxieum torque ente Qo 07 e,
This could be uned for example to aveld gimbat luek, I' oualy
eontn two dayn,

He FPOH i pedyoey the JHKY update rrte dn an eftart Lo ayold overs
tnxing the LGC during dencent after hipgh gate,

t. TCR 14l 1o another adjustment in the delta ¥ monitor alrend.:
implemented,

A, PER ThY, the DID teim pimbal sinrm Cin (bve Bundsnes DR, wan pe
novepted slnes the seat waa geven Aaya, A bardware fix Lo belne
taken to Low's CCR,

CrOLOGEE T

Altnoiph vopdeey s fapgeting v che OO0 Aand OO reondos vini medwuyer
e et cdod L the aardier 0V PL gkt MIT wee e bl o
Aatermine: e jivpect Poe e the PadP, Petd, Pe'f, by o et om
utn Poloang-,
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by

And that'sn it for th.s weck.

b,

LR

L)

e

1) 100 hnd the diptinetion of beling the only on~ turned downl
1t wan ta aveld A 1isplny confusion in the return=to=cnrth
prosrnm {¥=3T)e

Addresnreen

FM/\TI F. Mnyer
(o b ll‘mn
M. Vo Jun i he
M™l14/R, Py Imrien
Jo W, OGurley
F. D, Murrab
nthan
Pieden
TR L ATTL T v
PN /Tt B Rl
W, ey
PME B, Bk
ML/ 1
., O,

A,

SV T A

FHIWTIndALY, Jrotae

My
Noblen
FM./ rranith Chi nf're

Prllowing vhange:s wore appruyed

R 108 Lo fix A proginmming errop in the Inndmari any s
tion progran Paiis

R0 to permit packwirt integmtiun aerons the lupar aphere
af Intluenee,

Ci 141 to rentore the RCH deadband pravioualy el by Pho vpee
vhen the computer exits the Pok0 or Pehl thrustine PrOINM:

followiny, wers to he held:

R 14 00 rravids w YHF raneing datn gooil discrote 1hht
unt.ll the DOXY {.vhte are availnble,

IClt 1k to provide pulre toryue reariontatlon of bhe 1M1

{cee Luminary "1g") unti} Colossud #7. It vould have gont
peven JAYS.

Ao A -

bard W, Tindell, Jr.
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Memorandum

Pee 1ie L below oatm; APR 2.0 19GY

(MafA =TT A
PA/Chter, Aprilo Dotn Pelority Conpl tmtion

Heislorvingy manenver theget [hy For attdanee aystem backup

e Yarine G "HARY Hemdewoor M ecoor echinague el o of A

Py weoppent om Yot el Lime leen e e adedy Eerppamd CTol Pren tin
pround ta Lhe speecenft tavetvine che GO aned CIID maivuvcree 1t
dinogenion, of condie, ¢entered oo how e dntroa ot bt nd
1ot to n tentntive conclus.on resarding the Lackup of' th-ge 1M
maneuvera, wh'ch & somewhat dITferent than we hed previoucly resched,
The purpose of this memorandum I Lo point out thi- differenc.,

£, We had previouwsly econeluded that the commirnl mendt e sgulid pe
prepared to make “mirror Pmpre” rendesyou: manenvern Inothe event of
LM preulome,  We o tad planned to taprpetl the COM with data obtiined by
the LM crew from the TONCS. e railure wo had i omind wae primarily
propulsive, Howevor, when you conclder that the problem in tne M
could nlso be In the guidance system, it ceemed lopicnl to medify the
procedursn alichtly, rince it 1o no better for the commind module Lo
mnke a bum manouyer than Tor Lhe LM, Alra, 1t did not rem thab we
were taking optimim ndynntapn ot Lhe 1M cystema, partienilnrly the A,
Acconmlingly, we now propose the followingt

poth Lhe AGE and the C0OM GAN will be tarpeting with gerourl computed
CO1/CDH mancuvern pareed Lo the spaercraft In Fxtornal Delta Vocoordinaten,
If for nome roupon the LM PONCY compuled maneuver in net acceptanle, we

‘would clann th's an a MINGY failure,  Rather than earry out aome renl

Lime pyabeme analynin at Lhin time erltion] perlod, they would nwiteh fo
L AGKY aned make the proand relayed moneoaver, I some fuprther prablem
fn encountered priar tn the mineuver, the TM would o prarstve nnd the
pommeired module would cont bnue e countdoswn nnd make the pround vompotod
cor/ent aen, Fellowing the tapn the ceew apd pronnd won bk abtempt to
aneertatn whnl Lhe nroblem (oo oan pttempt to oot the LM oyntoms rondy
for the rent of the remdesvoi,

i procedure viven Lwo levele off baekap (AR wnd O0M) to 0 PONCR
problem and helps keep Lhe TM Actove, owaver, opernting tn thin way
wonild Fikely preeclude clithor et of rencorvoun raaar dotn Into Lhe At
o runnin through e COL/enH tare L. conputa’ onn in order o koep
i, in the beot state of readinecs 0 backup the PCUWS. "here {0 ool




Bopoeet ol pee i bepes (H,.. ) Poon T the A In th sy wh e e
ottt B b "I'V"l direction peecssary, TR ey toosel o odeeas o el

HW Y, Oy wny o1 The athpe,

Hbhward W, Thulall, Jr,
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Memorandum

| fow 118t halow parat APR 1 71068
b&-ﬂ-'l‘-rm i 3\

|ui3nc'r: April 9 Lunar Reentry Mirsion Twchnigues meeting

1. Almont the antire April ¢ lunar Reeniry M!asion Techniaquen meete

ing wan npent in discusslon of the yceond mmd tnird mideoyLg corretion
mincuvern mde on the way back_from_the moon, Ron berry prm.r-nu-d —
aome renlly interesting data which I think given uo an insipgnt into

the vhaTuctar of thens mineuvers nevded to assure the techninuea we
are doveloping will be effective,

n, It wan noted that there are four modes for computimy mideource
corrections in the Misnion Control Center, All nre deslgned to plaen
the apacecraft on a trajectory vhich hits the center of uhe peentry
gorridor. They differ by the additional contrscta they Are deaipned
to meet.

n., The first and most nophintic¢ated determires the mancuver whi¢h
vill cunune the spacecraft to land at a specified landing nite (F1A).

b, T second rulleves the conatraint for latitude Mt ¥!11 chure
the ppacoaratt to land at a apecified longitude (ctA).

0. Me third mode does not conntrainf reentry to peeur st nny
ppecific place but rather datermines the minimum galta V mueuver required
to ausure A safe resntry.

d. The fourth mode does not aim for a specific lamiing nite either,
bt determines the optimim mancuver based on delta V available to get
the npacneralt back %0 earth in tho least &ime,

Or these four moden, we arn primarily concerned here with the firat Al
the thirvd, That fe, ve intend to use the PLA mode for determining the
firpt and necond miccourse corrections comling tack from the moon (mce 1
nd MOC o) provided the deltn V cont ts renconsble, The hird midcoursus
corrvntion (MCC 3) which oceurn two hourn hefore reentry w111 utilize

the minlmm delta V mode pinde offactive lnnding point endtrel In best
nehivved ut Lhat po nt with the pulded Lifting resntry and wo want Lo moxe
thin mancuver ap amill as posaible for safoty ressdid. . . .

T




BT S

Lo M MOE 0 oWETE bt craentad wl bl g T Kebeomnd el Vosprioverat |l
W Y e pleeuihe FERRE feor FUDE Bt it P pplied f- o nd aphei L

Dooar b e bolnre cnbey, whieh on gausd for both tenjectory niel ovew
timel e percenn. Avearding ta Ron Berry the only composent whieh b

A slgniltienst offoct An the tinjegtory In Borirontad (tive, (orpotilontay '
Lo the etiup yeotor, A dicperoion of 1L H fuet per neeond (r‘;m) In §ine
tartpanind diseetion wouliy cauue thh cpaeecraft to n'sn Lhe entry coryhing,.
Pnt boy 3t wtIL eauee A o depres airpevaen en FLIERY ik R TRATI 1Y

they perntey tnlopfaes, 30 oo antleipated St MOFH vaeneacy will vontyts
buta npprng imataly une el ot dbapers don fenviug Ly ol e top
prapeuyer bugreting nod execabtion eevae, il ot af dtoapean ven b nbont
whitt wo winpld expect, wn'ch mien the 1ihelthood of having to pranes, MY
muchh grenlar than we had t-en previously been led to bl ieve,

By oty Werry peperbint gt the B adan boomean wearlbive dinon UG
ntat diveotoon,e Boue Cpeco gl rercoon in bt Al thon w1l veadae T
fripht patpy eele at tho entey Int, otaee Lo simnps W Wepiem, Al
conatle it e Hlpoyne lan, b conuepoes W Pt v St ety U
eriteeln we had peeviousdy vatnbliened Por determiniug whelter ov il
Lo wrecnls MCC 4, we hnd stated the meneuver would only b mule Y
dirpersion tn Clipght path angie war onticlpnted to hoe i faeere of 0
hopreon wileh we pow kpow te be equayalent Lo s b fpe hovisontal mancuere, -
Piep: o ally cerned to be UL reason tor put reducing this Jlnit, '
Arcapdiysiy, we have now taxt Cied the eriterin such thot wienewer the
mropeuyer reaquined Lo helng the apaeearnf't trajectory back ro Lhe coploer
Mt e cnmiry coreldor e preoater than {0 pa 1t shoudd b mele,  Makine
the deeition tnsed un deitn V ralher Lhan fl1ight path nngte disperesion
plmpd (0ot the fLipht coutrollerte Job e didomnbly sigee Unt pnramefoer
te pestdttly nnllable ta him. One othep thing that necdn Lo i vimplimi ! aed
1 thet 1L 10 n "ane” burn to ke In the pejaes thet 4t Ts zelntively
Inuensttive tn atrection, Mt o, crrors in the diratlon we npply i
minenyt - only tend  to reduce Itp etfentivenens and §t ig nobl until n
0 degres erpor is reached thot any adverse effect would Lo felt, Ar *
n matter of faet, ainee only the hortzontal component of the mamcuver
fe effective b tpflueneing the cutry Interfes cantit by, rompldom ) ven
fo et cfve o nrfent i tho peheaver aneh thet o poad byl e
I bl be when the meneaver fnomele, Mils woudd fntpabies deita ¥
competne it It ml to the des e {rued sontal) el ¥, bt tnat fee oo .
i Pionni of feet exeept to [nerense Lhe magn!tude ot the torn,
o Eyeryore wng requested Lo osee 1T there WA any Teudon For pot omoakitug
Cha et et owhien 15 Le net o ehoolutely necensary,  Otharaioe, we wil) -
pro ot neoted above s whee T osboubd think wonld madkyg the puradat 11ity
of maklne it maneuvee nomethiog 1% three out of fouy,

b tt . sntepel-d tuntl ab our next cetingg, curreptiy nnboiulcd Foe oaor
30, Lo roview the micslion technlque : ow charts that THW o treper.rg,
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tint of "D/B" Rendervous open ! tem:

]

1., On April 8, we hnt our fipat woakly "D/R" Nendeivour Mienton
Tuehniguen mesting, We apent the whole time roinp Lhvupll the aatn
flov charts, Thig memorandum lo not really mimuton of the meelos,
but roiher a list of quentions and aotion items, We are assuming

that both the "D* and "E" missione will utilize the Coloarur CAM
computer program, If this turns out to he wrong for "D," we will teve
to go back And make some modificatione on itemr which we nve atrtompting
to flag out NOW,

n. It ip necesnsry to entabliuh come sort of decision logle haned
on the trajectory sltuatlion and spacecraft systemn ptatus for nae durlng
the misnion to give a go/no go for performing the rendervous exorcine,

_ b. Flight Dymamice controllers (FCD) nre to cheek fntc the capnbility
of the NICC to compute a REFEMAT refsrenced to the local horfzontal at
pome nonsturn time, Previously, we have been told that they could do
tnin, tut the peoplo at this meetlng were not 0O RUTE,

¢, I nm to recheck and mnke sure the Sundirk, lLuginery, apd Colon.us
a1l hnve been modified to permit use of & ground computed CFFGMAT.  Guhe
dlek, of rourse, requires an awkward manual setting of a flnpg bit,

n, wWe otill huve to antablish wvhat REGVMAT the UOM rhould upe for
the remiravous mxerelae,

f, 'Muere wnn a lengthy dircunaion regarding which apaccern T conpiter
proyram rhould e operating during the prriod from ‘he urdock e to Lhe
puparation mneuver. Manienlly, Lt was a quertion of whethor the "nvernge
g" vroperam {p-h7) vhould be running, If 1t were, the evew ponld at!ilee
Lhe FONCS to monitor thelr rmall mepagation mrncuver, How ver, e
conenrn Lhe Aucwlerometer Ving eould foul up the alate yeotow, W e !

" doterminn what the degrndation would be over thia poried of tim,

g, Trajectory deelgn people were requected to bing the Jir clLion of
the phaning meneuver in order to insure that n suibaie elsvation nop'c
for TPI will bte nohieved in the event on abovt in Ll foot mll ok oo
NOATLEATY . : - o :




h. B Lineberry's pecple wer: also requested to determine the proper
elevation angle to be used for TFL in this event, Actunlly, wo muat
astablish the entire toohnigue to be ured inoluding such thinge as whether
or not a delay should be planned vetween the 1) and CSM TPI manauverr,

{, Ouldancs and Centrol Divinion vah requestad to report on inters
farenor to ba expnoted in the dotked oonfiguration of the command module
in the Cield of visw in the AOT. Docked allgnmentr are planned In Lhooe
minnione nnd {t ia necessary to rrtablish vhich dotent position ahould
ba unert, '

Jo  Amnther lengthy dincusnion Lnvolyrd the procedure for nesurntoly
pynchronizing the AGS "cloew" to the reNcn.  IL o ntill mat eleag hw
tnin nhould be done, Al Nathan (@AKC) noted that som work on thin hod
been carried out in their rimlntor which he wi1l report on next time,
Althouph, it ta anticipated that differences in the order of one vonond
are probably acceptable for rendeevoun, something mgh better thun thie
may be neceasary on a lunar landing ninsion for purposnr of ancent amnd
descont guidance eysteme monitoring. Accordingly, it mmy be deairable to
get experionce on clook mlignments on these development flightn compatible
with the lunar landing misuion,

x, PCSD will report next time on the mannur In which the JUNCA nnd
ACS will he used during the phasing burn, Primrily, quentions donlt with
whut sort of attitude the AGS would provide prior to the turn (inertinl
nold or orhit rate torquing), We are also interested in hov the FONCG,
operating in the P.30/P-40 programs can be fnked out during the AGE turn
po that it will navigate correatly to provide the capabillty of trimming
deita V repiduals, ’

n, The next meeting 1a scheduled for Monday, April 15, nt 9 ‘;m., Rrom

18 of Tuildink L, where we vwill continue the tedioun process of poine

Lhrough the flow chartn, We will atart vhere we left off » OR puge HA
‘ ﬁ
Hovard W ‘[indnn. Jgr.

fnrlosure
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o ¢ PA/H. ¥, Tindall, Jr.

¢

suajRoTt  "Any time" LM 1ift off is an unnecessary constraint

No big deal, but I'd just like to point out that T don't agree with
something in the wemorandum to TA/Director of Belence and Appllieations,
dated March 19, 1968, subject: Operational constraints for the fourth
lupar landing mission, which you signed. It stated in part, "It is the
opinion of the Flight Operations Directorate that the requirement to bha
able to rosoue the 1M from an "any time" launch phasing eituntion cannot
be eliminated. Howaver, the “any time" lsunch rescue oapablility rusi be
availalLle only for the first CSM orbit after LM landing. For all subace
quent CSM orbits, only an "on time" launch LM rescue capablility is

required.”

As laid out ln the attached memorandum, I think we have estadlished n
: . good go/no go for lunar stay technique and I don't sew why there should
‘ be & requirement for "sny time" 1ift off after the IM has been on the lunar
N surface for about 12 to 1b minutes, After that, ve should always constrain
the launch to be on time - to coinacide with the discrete time about once
every two hours vhen the command module pasees overhead. Of course, RICC
and onboard programs are available to permit launching quickly at other times
and for determining the proper rendscvous mneuvers to be mude, But the
point is, I see no reason to provide allovance in the propellent budgetn
for the large maneuvers that would be necessary to hapdle the worst phanling
case, nor is it necessary to keep the guidance system in the command module
or the LM powered up to support "eny time" launch. Also, I think very little
emphasis should be given to plananing or similating launches at timen other
than thoes speoified above, eto..

-
‘

T would like to see the Apollo work procaed an we have lald out, until someone
shows um what is wrong with tt amd would appreciate you letiing me know If
you don't think thin is @ rensonable way to go, lat's simplify the misnaion
and put the burden on the "any time" 1ift off people, whoever they are, to

explain why we need it, e

Howvard W, Tindall, Jr,

Enclosure

.eet
~ {See attached 1ist) -
A <, N 'a-'.j‘- -
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Memorandum 2, 49, p-sesisun...

OU

This mero Ir to luform you of & simplification Yh RTCC pregeam requ!romnt

T revently spproved,  An noted below, the expabilit. we are provid g a)poart
to o adeguate nad the ocont OF the aptimisstion In infomgatinle with the
berefit to be gained, ‘Do rest of this mamo t8 1{fted almost vertut!m fom
cne Rob FErnull wrote to me,

Culte n few manthe ago, 't was agreed hy MPAD, FCD, nnd WD ttnt a of roums
lunar (flyby) mode weuld te included in the RTCC midcourse “rogam for
alternate minnions ani circumlunar aborta, One protlem we sere particularly
cohcerned about wan the case where we have to get back home with the RCU
only: thin implies both a SPS fmilure and DPS failure, or fallur: to o
extract the IM. after TLI, DBecwuse of the limited delta V svailable trom
the RCG, approximately 150 fps vor trenslation, the guideline entablished N
var to develop a prosram logic which would provide the abeolute uinimum B
delta V aolution to inrurs oafe entry,

In trying to develnn a program which would compute the "optimum” nolution,
we ran Into many proliems, We have reached a point now vhere even though
" program development {n not complete, we probably know how to huild the
program required; hovever, the runnirg time on the RTCC computers ranpes
from 70-40 minutes per solution, We have examined wnyn of reducing tiic
time and do not ree any ponsibilities which would effect ary significant
reduction, Although this might be acceptable during an operation, imapgine -
the computer time wnd effort required to cheek It all out,

During the vvaluation or computation techniquea for the "optimum” nolu! len
it was found that a very near optimum anlution could be found uring a
simple computation procedure baned on a "return<to-nominal” concept. ‘ihln
coreept aimply thkes ndvantape of the fact that the nomine) perleynthion
totditlionn which wer optimived preeflight, will gtill be very nemr opt fmum
for any nmall mideouns pansuver, Dince for the KOO prodlim we arc by
dellnition conatdering for the flyly rolutlonn, pet an ansuer which 1o
near optimum and mvoid the lterative cearch for optimized vwerleynthion
condttione. Thir reducer the run time from 10-40 mimites ‘or the “optimun'
solution to 1« mh‘er for the "retirn-to-nominal™ solutlun,

Buy U).S. Suvings Bond:r Regulariy an the Payroll Saving: Plaw
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The next quention 1 how mich delta ¥ panalty Lo ineurred ' we deolde to
{mplement. the #imple nna fanter computation technique in the JTCCy 11 oan
be rhown that the "optimim” aolutiun vill cover 8«IVN injection nrrore
501004 larger than the return<to-nominel, However, thewe diaparalons must
be comparcd with the expeoted B-TVB 3¢ dtsperaions to get a true picture of
the situation, This comparinon

based on the assumption that up
the addi“ional S0 fpo in reserved Por subsequent corrections,

fummarizing, in order for the return-to.nominal solution to be inadequnate
ve have to have an 8PS fullure, a failure of the DIB {or no extraction)
ard s 3-IVD disperafon twice as large as the predicted jgdispernions,

On wnie tanie, wnd conaldering the major impact of develoning, chceking
out and verifying » program where éach run takes PO minuten or mars, the
declolon vna mate to deletn thw requirement for computing an optimm
flyby molutlion nnd une the return to nominel technlque, I hopu you uprve,

rd W, Tindall, Jr.

*

Attendeay:
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come lurar minsion sarth orbit phare ground Tules

1, 2 seuld like 1O Mire sute JYUIyOohk o8 BWATR of comm o DnT -
;e aten whieh were peae nd Fen Jerre’: Milcourae nece Mirsion

oo ntnaes fweting on April i, ey have to do with opera’ efe Juring
‘ne esrtn parking ord.t pri.e ;rior % TLI on & iubAar mirLan.

Loy Cupment planning nwolves performing the LT mnnauver: (bt the Uit

orporrunity. For Atlaptie imlveston, "hi. oAn .CfUr APPrOX macols o
ard 8 nalf hours after launch, 1% 18 {mportant Lant the oforti o il
svm or-hnizations be n accor:iance vith epmt, T* 1t Iw detormine? ten?
womo notivity preciwd:n L1 tnte voon, W resronatole orgualsatlon choult
pake thiu knovr tmeed ntely, A noted previcusly, [t has been eetabitehed
thnt no spacecraft plitform sliprewnt io required prior 1o he firat
opportun!ty ‘LI, whic helps the crev time line,

7, One component of the go/no @o for the first TLI opportwiity ls validn.
Yion of *tha £eIVE TU state vector, oince during the firet revolution wo
are unalle !o generate an MOFN atate ymctor suparior to the anticipated
TU'a, the cheek enn only Pe gross, The actual parameter to e teited will
be magnitude of the anticipated mideourse correction, ™e :riter a will be
tased on hov well we vill be uble to determine rignt from wrong Triher than
on reasotmble magnituie of the midcourse correction, we voud be willing to
accept operationally, It will be function of MSFN tracking covernge
aveilable prior to the go/mo go decision,

b, 1In oerier to avold having to mike unnecenslry renletime Iociclonas, {0

addition to all the aanocintad pre<fiipght analyris and arpumnta to 2:*nablish

the decialon logle, se have catablished the rolleving grounl rules:

n, We will never trmnumit & ctate vector update to the S-TVR TU for the

firat TL1 opportunity,

be We will Rlways trannmit a ntate vector updats to tto fl=IVDh IU lor
the second TLI opportinity.

e. We will alvays tranumit s state veetor update %o thr CCM Q&N for tne

firRt T™T cprortunity, The atate voctor to be aent to the *CM will te obra i

vin trlemetry from the Se1VR IU.

Buy U §. Sardngs Bomds Regelarly on the Payrsll Savings Plin
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T

™ ntention, of courre, in to always use the beat ntate wmirtor, During
tee fipss ravlution, the U state voetor should be superior tn any other
courre ard thould be mceeptatle for use. Thus, there will bw no rearon

to updnte the TN and ne reacon not to update the 0AN, During the second
revolutlon wve can be certain the MOFN atate veetor will br adequate for
wulding through the secon! TLI opportunity - at leant as gool an, or better
than the feIVD TU atate ywohor = wh'ch means no harm i done by nending x
atmie yeotor updats, but 1t cen imp'ove the aituation, ™ery 1a roason

s rgepeet that MITC may not approve this ground ™le (h) buy §1 ruems 10
=, toe luwden of proving why we should do comething elsv in 3n them,

11 af s will o derumented detasd In the mimuten ot the w0 i s

T repe the era'rman will excuee my scouping him, but I Pule !t deng eraihde o
aiverttso and emppnelie there thinges since they huve m 8ipnf fleant influenec
in the procudurua we rpe lmplementling snd you should all be aware of thom,

W or) (T L

thﬂl‘ll' JTe R
MMirernecat .
{Sm 1l:t attached)
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JUBjRETt Bextinnt Nendeavoun Mavigntion Reviev

*

1. An noted in the attached memornndum, I vould Like to request your
activo partleipation in # meating on hpril 7 %0 yeviow for "C" mlunlon
oporationnl peroonnel the work your people have done on ¢oM nextant
rendenvoun navignilon. T think, in onder to tneure pruper use of Lthe
COM GAN during the aprceoraft JUl flipght, 1t e fmporinpt that they
understand how 1t works and how aceurute it ehould be, Avcordinply, ##
I vieunlire it today, the apenda vill conrist of tvo parie, The firnt
should be devoted to explaining in nou-mathemticnl texmn how tt In

anible to do vendervoun navipntion with the gextant and the cecond
part will be dovoted to ruviewing the renults of Lho nnalyein which
has boen done by various orpganirations in an effort to establinh
anticipated performance.

. B, We huve reserved Room 716, Milding 2, for this mecting which will
e vogin at 9 a.m., on April P5.
L% ¥
H word W, 'I‘!ndnll, b § o
Enclosure
Addressecp!

¢F/P. Kramer
¢. Jncohpen
Yo/l A, Gardiner
F8/Ls C. Dunseith
FM/J. McFherson
MIT/IL/R. R. Brgon -

FUUNTINAL, Jrosde
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TA/Chlef, Apollo Data Priority Coordination

Mission "E" Rendezvous Data Priority meetings

1+ Thla memorandum Lo to report the meager accomplinhmentn of the
fevord and Thind "E" Rendetvous Kissien Tvonnique metings of March 18

and April 1, 1064,

'+ Much of the firnt moeting waa doveted to *rying to underatant what

the peaple reeponoibls for AGD systuem tecting were trying to aceomplinh

in the misrlon, in order that the techniques developed would be compatibla,
Eagentially, what came out of thia lengthy quiz session i3 that they do
not want the AGE reinitialized from the PNOCS, they want randar duta input
between the COI and paeudo«TPI maneuver during the firet hWnlf of the
rendervous sxercise, and they want to execute the maneuvers ac detmrmined
by the AGS provided they fall within acceptadle bounds, There was a
hopefully erroneous impression that a well thoughte-out syatems tegt
Including pontaflight analysis procedures doe. not exiat which would

~be ludicrous to discover after the nislton.r

3.7 A subntantinl part of the latter meeting vas devoted %o the poraidility
that 1M RCO propellent will not be adequate to support the currently planned

rendezvous exercine,

The mlssion plan is not our responeibility, of courne,

but significant changes to it could impact our works severaly, It ir antie
cipated that the FOD and ASPO misaion deaign engineers will get this all

straighten out soon.

My impression was that if the 1M can not fly the

"D" rendervous, 1t ecan not fly any rendezvous. In any case, at this meata
ing, we proceeded on the sssumption that the trl,joctory’ as {t i» currently
il

planned far the "D" renderveur, will Lo used for the "§

rendeevous aa well,

We spent nome tlme bringing thome people not familiar with "D" up to date,
Thin included a dencription of the mirror image concept for targeting the
commund module to back up LM maneuver and the procedures which are bveginning

to take shape for aborts from the football trajectory in the beginning of the

exercice and the preudo«TPI half way through {t. A lengthy ineonclusive

discussion on how to ‘compare and use the various systems for the TPT maneuver
ended the maeting,

i, A few Lhings that have been definitely establiched are as follows:

. It wag stnted that we want to make a PNOCS platfors drift teat
before we embark on the rendezvoun exorcine, This means making two fine
Allgnmonta apaced tn time sufficiently to oboerve excens've Arift, This

Buy U.S. Savings Bmds Rigularly en the Payroll Savings Plan




18 almost imponsible to accomplish unlias ve make a £ino aligneent in
the docked configuration, ' Therefore, that activity {s being included In

the cperation.

b, We reviewed a previous decision snd decided to alvays update
targeting for the insertion maneuver, Thin maneuver, you recall, is the
- one that takes the LM out of the football trajectory, The primary reason
- for always updating i{s to eliminate need for developing the logic ami
criterin to make a real time declajon of whether or not to update.  The
point ls thin exerclse in bunry cnouph nlrenly vithout ndding an eéxtra tack
and 1t would have to be included in the timellne Anyway.

: g, With regard to the mirror ilmnge CEM tarpeting, there rermed to be

- two nlternntives which miut be trnken {nto account, some sort of syntem

: fullure recognized well in advance of the mansuver and some nort of pro- -
pulcion fallure after ullage bt before main engine {gnition. Accoriingly,
thin must be taking this into mccount in targeting the command module.

£ Lineberry was piven the actlon item of extabliching thin tuchnlque to
be incorporated in with maneuver bilnsing already being provided to compens

snta for tho one minute delay in COM ignition Lime,
Howaﬁj W, Tindu:l“@
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Miualon techniquen for the LM lunar stay go/no go

'
1. AZ 0 Ivouit Of JUW L meetifga 64 the tubject, T think se have
Ciranly pinded deowh hov *9 saentl boe ufno o dcelxion to b mde
ITEToate i alte ; T o aniy suripegs ndl wemoranduls
arad to soliclt your comments,

is 1o ropori the techn ques

2. LM sy temn people £ tne Fligat Contrel Divislon have atudied the
probiem of evaluating vritical systems when the LM rirst lands on the

lunar surface and feel certain they should be able to give & go/no. go
within two minutes for all systems with one exception. The one requiring
a longer examination prriod ls the ATS propellent system. The problem
with detecting leaks in this system is that during descent, differentiul
temperatures build up »n the structure vhich mke it difficult to interpret
the tnatrumentation re.dinge after lnnding, until a period of about fon
ninutos hns passed to nermit them to stablize, They feul confident that
they w7ould be able to ;;ive a complete go/no go in about that time, Accord-
ingly, the technique we evolved includes two go/no_go's. .

3, The proceduren will be more or les: as followe, Immedintely upon
landing, the crew cuts off the DFS marually, but retains the quidance syatem
in the descent program while both they and the ground aveluate the LM nystems,.
Althoupgh this task takes only sbout two minutes, it has been determined for
rendezvour trajectory reasons to be preferrable to wait about four minutes
after touchdown before lmunching if possidle, (There is nothing to preclude
goling rooner, L that ia found tc be necessary for such things as the spaces
eraft tipping over or aumething else requiring immediate abort,) If at any
time during this periocd through the go/no go decinion, it in 4decided to adort,
the crew would "ubort stage," a technique which provides instintaneous launch
with no external Largeting required, If the decicion is to not adbort, the
crew will proceed ocut of the descent program end call up the 1M ascent
powered flight program (P-12), input via the DSKY the desired lift-off time,
and preceed through 8 astindard countdown to launch. Again for rendezvoun
trnJect ry rensons, the . 1ft-off vw'll probably be delayed betw:en 11 and )b
minutes after touchdown, Note that after proceeding out of the daacent,
program, inntantancous lift-off ia no longer possiblej the erey must go
through the regular procedures associmted with P12 although, of courne,

no platform allipgnment is required,

»
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b, The flight controllers will continue to evaluate the AN} propellent. .
rystem during thin time anxi will aloo determine {F the PNOLA {n funetloniig
properly. IFf it ia, the AQGO will be reinitialined and realigned, Qlvon

a recommiviation o abort, the orew will continue Lhely countdown to
ignition and perform a normal ascent, Otherwise, thoy will ex{t P.1¢ mnpd
remaln on the lunar surface until the comsmnd module completes at leant

one revolution,

%, Olven pominnion ty ntay, the IM crew will earry out msiy of the normnl
provedurce reguited o launer when the command module goes ¢ verhend, nimont
tvo hours Later, nolullng seta®reting the anount Program ari carrying out
piniform niieam nto un ng vagh of the 1i2ferwnt modes availr bie, The
purpole of thin netivily, of courur, is tw launun AL the und orf thie two
hour period 1f nocescwssy, or In the mormnl case, to detewmii> if there
will be any problem in countdown required mt the end of a ncrmal lunar
surface =tay,

6, I would 1ike to clurily the recommemiations glven above to dolay lift.
off a couple of minutes longer than 1t takes to make the fiynt go/no an
deeinion, Accomiing ¢y the work of EY Lineberry's peopls, jrimarily

Jerry Pell, the time t) rendesvous will be two revolutions, in any onaey
but relection of the cotimum 1ift.off ¢ime makes the renderious nequencs
eeaentinlly nominal nfter the first revolution with regard lo ruch thinga
as maneuver rcheduling and mapnitude, slant range, differe:tial altitude,
ete, It alio makes it posaidle to do n platform aligrment ¢fter {nnertion
tnto the orbit, The 1 sduced plant range and atcurately ali;ned platform
ahould reault in better onboard rentervous radayr mavigstion and maneuver
targeting which chould substantially ismprove the rendegvoun operationally.
The rame sort of comments appiy to the abort after the APS jo/no go, except
in that case, the rendezvous will require three revolutions. Ed Lineberry's
pecple have the actior item of establishing the specifie proferred lift.
off time of oach of these po/no go aituations, It should b noted that the
times will probadly be referred to initintion of powered deicent (FDI)
rather than time of touchdown in order to make them indepemient of hover
time, a variahle that significantly influences the phasing of the command
module with respect to the LM,

7. Thia all turned out to be a pretty straight forvard proredure, It
neepe to provide plonty of time te do what is neeensary nnd does pol involve
nny i nique or apecial proceduren, Unlens nomrone oan ahow tn what in wrong

with 1t, wa will pres on as noted,
——

L
a.l-\g.&)\( WA,
Howard W, Tindall, Jr. !

.
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So Tiret of ull, them are three rnther cmmll chnnpea which rhould he mace
in the gpnecurtlt computuer program, at leaat {n that version of Colossus te
te uned for lunar reen'ry. ‘The first and leact important of those ia to
change the roll attituce commanded by the GAN during the tim: between space«
eraft neparntion from ‘he scrvice module until 0.05 g'a to a bank angle of
zero degrees (Lift vector up) instead of 15° bank angle, T o 1s Genirmble
in oider Lo make the attomatic system do the same thing the ;iflote will do
if they control attituie manually., The reason we want a 1if". vector up
orientatiun lo to provide the bert poanible horizen attitude check to [nrupe
proper pitch trim angle during initial entry into the atmoapiere, The program
should also be changed to give a horizon referenre until aercdynamic capture
Is apeured as the spacceraft makes it second atmospherie en“ry after a akip.
Since it io intended to fly in the sutomatic GAN mode in thir region of the
reentry, it is felt this program change is mamdatory. The t!ird changse is
to make the DOKY display change nutomatically from one pet o! paramiters to
Aanother during the peak g period eince it will be Imponsible for thy erev to
key the computer under those comlitions, The apecifin changr is in P.65

to mke the display chaige to inertial velocity and altitude rate after a
displny of predicted exlt conditions (Du and VL) for a fixed period of tlme,

‘#uch es D) or 30 seconds, Jon Harpold has the actlon for prv paring and

aubmitting themre prograa changen,

3. We apont come time [incusping the third midoourse correc!lon (M0C3) which

in achrduled to oecur tvo hours before sntry interfroe If it 18 naoded st ,
all, “on Rerry presentid some information to <how that this maneuver is -
likely to be very small. For example, it only takes & fpe tc change the

flight path angle at th: entry interface to 0,36° which is tte mximum

acceptible dispersion. Thie seems to imply that very nmall ¢lopernions in

the trajectory would cniape us to mims the entry corridor witlout MCC3 which

in contrary to what we have heard Lefore, Acaovdingly, Ron hae noeeptad the -

“Action item of determining the effact of delta V rasidusle ir the second

mideourse correction on the flight pnth angle at sntry, He vill alno leok
inta tne effect of deltn V residunls in MCC3, 1In nddition, we requusted that

Buy V.8, Savemy v Bancds Regndarly an the Payroll Savings Plan



he ietermine the anticipatad direction this sanwuvor should bs applied .
cince It ceeme likeldy to be mather prendjotable ss opposed to complotely

tumdm, The reanen we are Intereated in this, of courne, ia that if we

conilet entablinh & mreferred tpaceeraft attitude providing a #ood ocut-the-

witdow referrpce we would all be n little more comfortahle nbout exncut!ing

thizs mapenver, And, {f {t }s small enough we might be willing to sccept

the additional deltn ¥V coetz of Lurning it off' in contrel axis components

rather thnn along one apacceraft axis. In general, vhat we have anked

thote da bote vt cory data tneether which widl give us a I-ettor insight

IR & TUR = YL SRS LS SR SOP IS L s & PR
Aooom tnn o Tt s intem t Lt aiceussion with rogard tor Lhe S,
T NG W N G it lh e aeal wuy with reqerd W reRhping *

a0
TOULY :;:-.-..-cii';:'..‘a'.;., tr. ML e lts rangeetoegs counter initialized
Viaed oo peenal compaty i n e 07 that paramster at A predicted time of
arn st es ntee T o e e augl we would be lot better of ! (T wo
Soam ot nelunlly cwirt b BML uralng ot the prealeted time of 0,05 p'r
rithes then vhen O.9% ¢ 's 13 setunlly censed. For exampls, typleal time
dunpercions Far 0,0% ¢'c are an high ar 20 secondr, And, oclnce the spncea
crafy s tenvellng in the order of six miles per gocord ranpge-to-go
dirplay woull nutcentically be In error by about 120 milep. Accordinply,
evoryone van asked to ook into the desirability of mamually starting the -
FME heaed on tipe ar orposed to letting {t be done automatically bLased on
aengsed acceleration,

S. fevernl putentinl (hecks have been 1dent1tle"d to verify proper perform-
ance snd develop (n-flight confidence in IMB which T expect we will include
in our flowa somehow. For example:

a6, Tt should be po.sible to compare the OB diaphyad maximm g
rpuin.t Lhe predictnd relue,

b It should be po:nible to determine if the rsnga-bo-gc display is
behaving within limits of being right.

oy It in posoible to nee if the predicted velocity ut the timn of
o a'r as the spacecral’. aklps out agrees with tra value predicoted hy the
rroumnd .

d, There should be a continuous comparinon made of the g's nccelerns
tion an lmdicated by the FMG versus the value displayed by th: g-meter,

£.  Job: liarpold wna glven the action Ltem of determining the itch trim
nngle which rhould be experiencod when making the horiron attitiude check
during second entry., It wan noted that thic quantity need nol be obtained .
in real time but will be known well In adeance of the flight, .



7. We will probably nrot up another meeting within the Hext three or four
wheke to po through the flov chartn ms nodified today and to review the

results of our action itemn,

N -

Hownyd W, Tindall, Jr.
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Lo
R Tace Center missicon sirulator earlier in the wesk, What apparently

e
‘m’"“‘

A 2¥) . <&

 PAJthiet, Apollo’ Duté Priority Coordinabios-

LR e

-1, Moat of the March 15 and 2 "C* Nission Mendesvous Mlksion Teohniquen

meetings were devoted to discussion of onboard re o_lt%gn_mu with -

he _sex This wvan drought abin Tather bad mnﬁﬁfﬁ@ !

,by'“'r'?"e e omesﬁi.ym and_a_pumber of “fontrellars.on the
ennedy Bp:

&WWWuMI TAvigas
tion, the resulting maneuver targeting vas screved up., Ir sddition, the
dieplays the crew used for vorking their onboard charts seemed to de LY
_srronecus too, As a result, they had all 1oat confidente in the capability -
- "of the sextant to do rendesvous navigation and felt that either much more '
reliance must be placed on ground targeting or else someone should explain
vhy 1t vae okay to keep on going like we are, Eumm of dudemouthing
e sextant, I find it difficult to auddanay start defending it., But an
awfy g T
have dome iisefulness, MNowever, it is cbvious there is & serious problem -
aomewhere, either in Bundisk, the cape similators, the procedures, or L
popething, Whutever it ia, 1t has to be straightaned out right avay, In T
addition, it is evident that the operational pecple, Crew anmd Flight Contrel .
_ do not understard very vell hov the sextant navigation works and how well,
so T volunteered to met up a spocial meeting to be devoted sntirely to this
subject to review the vork of all organisations vho have done work on this ;e
eystem = MIT, MPAD, OCD, MAO, FCSD, ete, I will try to get it organied for -
April 2%, if that sults everyone - ard vill et you know, ' R

2, One interesting thing f.hat came out of our lengthy discussion wvas that .
the only real testifig of the rendezvous mavigation programe tms been on - :
tha Biteby=bit simulators at MIT aince they too have troubtle vith thely = =

optios in the hybrid simulator and are only able to test the progmm .-
functionally, That is, they are oily able tc see that i% runs dut canmot -
. confirmf its accurmcy in their hybrid. PFurthermore, it also became spparent:.:’
:shat the rendarvout navigstion has never besn teated undec heavily disperned =
{nitlal conditions, Accordingly, nt the March 19th weeting we recueated FCBD g
and MAC o Tun A fev rendesvous profiles on their procedures similator starting
after MGR with lavge errors in the spacecraft state veotor,! . - g gl

ae

.3, On March 22 MAC/FCSD preacnted the results of these runs which they had 5
already completed, What a mg_uumm.%ggl - 'They had included

"aotual” sextant obsérvations on our worst case & 4 also run the speeific

ok

h o

.
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", 1ighting conditions during braking would be unacceptable. Lighting at

.~ is pather meaningless since all of the SPS burns are nearly redial amyvay
It 1s just the chang: in the REFEMAT procedure that fs 4 shamm, ; - =

" &t vhich the "nominal aligrment"” as computed ondoard will give the desired .

.. (Bee attached 1ini}

‘ﬁﬁ,-"— \lhich 1l #

_buse which gave trouble at the K5O « 4 10 wile ren

. really tad neve, These results seemed t0 indicate. that Ahe sextant e -
_ -y capable of doing a pretty good Job - much batter thin I expected vas - .

“7 pousidle. The status nov is that everyons is taking & bard look at the -
" whole situation. Bimulator yuns énd amlysis contimues, On April 23, ve

%7 will get everyone together with all their date anmd review it thoroughly :

+ and decide vhere to go from there. TR o :

b, The only other item ve devoted sueh time to vas the “tveak” burn
betveen NSR and TPI. This smmll maneaver (1ess than 3 fps} vas proposed
by Ed Lineberry to be made only if TPI hed slipped in time so much that

braking on the "C" mission {s of smich greater importance than on Gemini
since ve have no ranging device and the BIVE does not have running lights ~
1ike the Agena did to give some measure of range.  Tolerudble TFI time i
slip i3 raid by FCSD to de + 10 sinutes vhieh is Just about what ve rould .

expect to happen duv to antlcipeted ground control accuracy. Foul Kramer -
{8 not in favor of mdding in this maneuver, primarily because it off~rs o
a chance to serew things up, It does not make the flight controller's jJob ~ .. ..
any easier either, although they can hamile it. The flight crews, prisarily ¢

Tom Stafford, are cunsidering the pros and cons and ve have agreed to go 7.
with their wishes, This is unique for the "C" missioa ipcidentally, .
Ordinarily, there is insufficlent time t6 do the burn; 8lso this is the .
only CSM active rendetvous currently planned, PR o

5. PFinally, there is a procedure change that is probably worth reporting. .
The flight crev vants to use onboard computed NEFEMAYT for all platform ¢
aligmments, except retrofire (vhich they can't do onboard), This is
brought about by the wvay Bundisk is coded, foreing the crew to manually :
‘#et a flag bit., This {s foroing us to do the Job on the ground differently
‘thus planned, although that is no big deal. Instead of computirg and send.
ing the REFSMAT, the MCC will nov send = time withia the present revolution,

platform orientation for rendesvous, Incidentally, using the enboard
computed values also forces the crev to make all SF8 maneuvers heads up .
rather than heads down, as they preter since the Sundisk aligmment prograa
assumes that attitude when it compensates for the SPS girbal angle trim .. *
vnlues, This heads up turns out to be fine for rendexvous,- In faet, it °

‘_
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, VAT Nizaion omtervous Nisul _
son Mavch 5, we aoert pen of vor tie dleeurslpg tutielty ‘
Tootbull rurresvous, wiesificolly, uder viwy siraunBtanedd 1a
"t abort. It turtea out ‘AAt the swe ¢ redos and -wmshy ;2
“'prodally. aprly equally well 1o the peendn._¥l maneuver baliviy throngh
< i the pundezvous exercise. 1 Snink we've gone %:long vy getting thewe
“..things pinned down, g B LT

B In the ftrak purngenph § vouid e to cloan up.s
- -ltems from som previons meetings. N

. w7 me T ICD had been mquested to 1ook into the RTCC/MOU oxi ability’ )

e T sute {t wns possible for the flight controlieri to compute snd relay th

; " the crev the CEM gimdal anglen to point the LM AOT to 8 seleated star -}

.J <7 in omler to curry out \ docked 1N piatform alignmrnt, BILL Penmer roported

~ that thio enpabillty diez exiet., Out of this atscusdion owye thé. suggestion

- _that we should probably prepare som: sort of etev. chatrt giving posndos: - LEBE

o wot. - sextant shaft and trunnion angles for the AOY as 4 Ninction fof.ﬂw'-docﬂa{é

T 7 7L ping index reading in order that the crew could do thias job themsulves 13
= P e

BN : EERE A T aEa g
L S by We npent & 1ittle time discuseing the reqd h‘d"iﬂ&iﬁ”j‘f‘lﬂfﬁl
&+ - . clock synchroniratioh fov the rendezvouc exercise Db vt toneluted that:
; mirsllgnmont of thene two spacecrnft ulocks in exeoils Of omt peioid should
-not produce any signiftcant prodlem o the rendenvout’axcept as an opers
. -7 tional annoyance, .In onclusion, it ceemed as though the ecrrent, hisaion
+ Tule is fine, Epecifically, either clock shcald e resed by the proumd <y
. -wnenever 1t gats vul of “ynchronisatfon with the ground by ©ord théyohs
- half ancond. ‘Thun, In the worst case, tie LM o/ f CON elooks codld. censei

!‘i‘. . bﬂ mﬂl"ﬂm apart; , s . . » | gﬁﬁ; .
;

L . on e Inoader te nvold confinion af tntminology, - 14 win iiee|don- the ?};,g

S o mensu wrs vould be reterred to an Pollowar  the a1l omet B tin Pps Wirn ¥

W s L i 0o meparate the two apacwcralt Prom o nnother Initidlly i o bvotd ptation.
- . keeping, thall be cal’ed the "novarnting® « The el %mmmr;

B
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3+ The reat of the meoting vas devoted to the football rendervous, We

- ®. Rendezvous radar failure

E R -
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A, Repnrding the Phnaing urn, 1t wan restated that th.s MPUYRE my . -
b axecuted vith targeting matablighed proflight, that fs, (¢t will not be
upintad in resl time, It wan noted that the AGD will be unnd for oxeouting
the burn and the PNOCE will be operated in follov-up mode uaing P.30/p.ko,
It vas emphasized that, because of the difference between AGS and PNOCE -

the externnl delts V targets:g parameters vill be slightly Uifferent for b
each,

Mpent enme Lima dlceunsing the sort of trajectory.oriented ayutem faflures -
IO WOULY eAuRe ut te ghort tiw rendetvous exernise and to vroturn the ¥,
te the CSM (mmealntely, Tt wos laportant to catallinn which of the 8ye teme
may kave falled Lecause, owlcunly, the mannor In which we would perfora

th » rendezvous would be significantly influenced Ly the atatus of the
spneecraflt nystems,

by 'he following s+ 1iat of tre jectory«ortentod uyubnm'rnllurel vhich
voulr foree us to nbanden the rest of the rendosvous exerciee;

be LM PNGCS fail.re

é. CEM OAN fallure

d. RC3 Jet fallures ‘
e, DP: fajlure to start when attempting to do the insertion burn

Se Dnoed on those abirt situntions we arrived at the following meneral
conclusions regarding how the rendezvous should motuslly de performed;

a, It was decidei that whichever spacecraft was having the ssntems
problem should be the passive vrhicle for TPT and the subsequunt midcourne
corrections, It may cr may not be desirable for that vehic e to rerform
the traking mneuver cepending on the situation, It vamn o ed thnt Lhe .
nyatems problem refereaced to is not necessarily one of thoie liated above,
hut exild Just as wel) be some other eritical system such ar, ECS, fuel
cells, ete, The reascn for thig conclusion iai

(1) To relieve the crew v;lth the problem spacecrafi. or reuderyous
activity In order that they may davote full attention to the problem. .

(2) To use the spacecraft which has all of its sysiems stil1
workiag to do the randezvous, ' _

Of course, I n® sure there vill be some exceptions 1o this rle,
although, 1 hope not too many. One probatle exception would be railure
of the IM PNOCS, but with th: rendezvous radar atill workiny. Under thig
circurstance it would orobably be prefercble for the IM to te the active
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o nmuld . onrrled pub with the rendorvous teansfor angie of . F'-'r”
© br %0 une the atainmd 1309, Tt wvae fimilly coneluded AhEt Wedhould:
“une Nn 130‘ tennafer for the following reasumat - ° By
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to Mam t.h» 21308 for lm following Peasons

- (1) Frimrily it acems very derirnble in an- anbrgt;e' el T

; tnrekn in uil posaible consumblee in the LM to avold getting; ihlo a- bt

. aprltisw) situation. - 11 1o vecommined that to perform an notd @ rendesvot
. with the LM unstnped den prescnt some prolleme and eoutd, additional’ ROB.
but’in the gonornl enss, this in pmrnhly an .uuevptnhle pimd:.tj K.

: (") A oecomdn vy nonnmf-ratlon for not nugmg Lhe ‘M'B A;r,ttab !é?-
. vill elunimte the contern of n possible recmt-lct. P s [:':. 5

R, i 180 vnmluded that a nominnl mtuhm i\lnnnlng’ﬁﬁw ‘shounld B
Cmuden 2o provide the be it possiLle abort conditions and thatiihe. hQMMQ‘w
. of the planing mibeuvat should he Inatensed ahaut 50 porodad 46 -oder-toaies
.provice B rnsonably Yepee minge Tate At the hrening mnevedi e i
plnn presiiden n closin yulonity of aboul 13 fpa, vharean it ip npenernlly
_ogresi that tt rhould 1e an Axcoss of PO fpr,  Norrik Jankini:Bas ihe
L T responslblitty for -:M.Hm the miosion plans changedito incfrdse the '
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To  Baerd un all of the nbove, we coneluded that an n standnsd ovrnting

Procedure iring the footbnll remdervou: the CHM nhould be inrgeted and

prepared Lo oxecute the TPI 1f AR abnrt 1P nocesmnry.

He A noted In the fivet papnpraph, after lookinp over the renultn of

~“our dincusnionr uf nborta from the frothall, thrre goema Lo e no rennon

the snme conclunionn do not npply #qially well to nborts from the firnt
hnlf of the rendezvour exercice At the overhead TPI opportunity,

we will procee! ynine the pe tachnlioea for hath ennen for now,

”I’:"

e MIFE G 1 Dy

probabls o= 0t vogr e, Y ot b

Ene looure
Dint ol attondeen

Atdreparn.?
See nttnein-l 1iat
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lovard W, T noaell, Jry

At lonnt

Furtherm e,
b omde ldentlend Lo the D" na now nppenr
s AL apply e that Pllght tao,
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Apollo Spacecrnft Bofiware Configuration Control Doard noten for the
March 19 meeting : ’

-~ “
1. We spent anolher couple of houre talking about the Deltn V monitor
Programa. TvO progrem chance requests ware considered for tundance
and Lumirary. It was concludicd that po change would be made tc Sundance,
it that both chunres should de pmde o luminary, nlthough, I nm not sure
If onc of them is not In there siready. Specifioally, PCR 1I1 provides
a new engine fail monitor which doer not turn off the engine in the

event the Delta V is not detected, and PCR 102 reduces the ullage over.-
1ap such that i3 nov stopped based on time, specifically, 1/2 second
after tim of lgnition. This present logic stops ullage when the Delta
V monitor detects engine ignition wh.ch could be sz much ar s!x to ueven
secondr later, I% also wac noted that the Delta V monitor thresheld |In
Sundance muot e made lov enough to Insure that the DFD enpine will not
be cut off on the early IX flights vhen that engine s used in elther

the docked or undooked eonfipuratlon. )

Cu It war alen decided to change the Colossus Delta V monitor/engine
fall routine to make it the sams as Luminary am far an ¢rew proceduren
are concerned, This costs 14 days achedule slip,

3+ The PCR'n dnaling with the nev DBXY lights are being wlthdrawn and
will be replaced by a more comprehensive one sometime in the future,

4. FCR No. 5T, n DAP hand controller change, vas disapproved,

5+« FPCR No. TO provides a change in the Luminary abort programs P-70 and
P-T1 decrenslng the early deacent abort tone from 150 to %0 seconds and

adds the Jerk 1imlt logle llke the AGB, This PCR was approved at the
cont of three daye,

6. PCR No. 77, o modiflcation to the LM DAP in Luminary, wna alnc dln=
approved, *

T+ FCR No. 9 would move the rendervous radar range and ranse tile yaple
aneen into erauible memory to permit obanping their relative welpht 1p |
the remdesvoun tavigation, {f the radar does not meot epecification,. ‘Thin
wvould tinve cont five days in the fundunce delivery, and Lt wan disnpiroved, -

4

1
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T opnmbieiey nnd Cebonoua,

S blMty of moving the rendezvou. reiar ahtennn out of the way of the AOT

Av oyt eeend by thic onme enpebi [ wan umn'wmt nl IIu‘ lml el i 1'.-.- _

Be TOR Mow 0w o gt vad B et Dt bentoy on Hey Basdmark Dimiehe
Tng dewnllot in Colonsun, 1L wne lotermimat that sontaed cvnber woeek ;
aroumd proeeduren tould be developed uping the propgimm o fL I N\H‘""‘ e o
procramed, amd ro thle PCR wan dirapproved. S
9, FCR §o. 94 would change the Laminary amd Sundunce propmme to put a’
npeclal ldentification on the rranible memory dump downlint nuch thot Ut -
RTCC could dintinmulsh thins dats ni coming from the LM, nr oppoard Lo the

vommnnd module] ninee this could b done witi no Impact, it wan approved,

10. ICR No, 9 tor Sundance and :vbaeguent would have provided the enpoe.

ro thnt 1t weuld bhe porgitle te do o platform aligmment wien the cemdenven:
pavipntion program (Pa0) wan runntng, 1 would have cont 15 dayn, nnd
stnee 1L would not ceem Lo B particularly neeernary, 1L war disnpprovead,

11. PCR No. '¥) would tave mde tie dteplay of radar pointing anpler me
meanineful when opersting in mede (1. It wac nol peetied on Sundance, oo
that wna disapproved, MIT estimntes a vislbjlity Impuet of two days P -
Laminary amd un they were reguested (o prepare nodetalled nchedule Impoe!
for juminnry. 'Mis vould put the DCKY display of vadar nuples tn the
azimith/elevation coordinate system consistent with the ~rew'a ortentation, =

1. PCR No. UX), a program chanye requented by Grorpe Cherry (MIT), wie -
approved, 'The change has nlremdy been made and so there §o no improet,
It 14 to climinnte a rate tert from the thrunt veetor fiiter,

13, FOR No, 0% war lo delete the LM/COM reparntlon proprm (Peh6) from
ihe Inminnrey propram,  Thin wan npproved and should udwwier propimm
Aellvery five dnyn,

1, ¥CR No. 106 wnc Lo eliminnte the Direct Transfer Accent Tarpoting.,
progrnm (F-11) f'rom Lumlnary, I wno glven the action [tem of mading

rure that this deletion doen not alfeet the ntadble orblt rendezyonn enpia
Lility. 1In wddition, I wer requesatsd to look inio deletine the coelilpliv.
nneent. tnrreting propram (P=10) which providen an onbosn! eapability,
whion I only needed 0 compunicntions are mol nvullable with the proumnd,

' ECR No, Uih wne approved to delete n minimum dendbam! mode durling
mintmum eynloe burn in Sundanes,

ey 10T LY, LhGy atel 30 wore minor chalyres Lo the way e L0 Ihminmr ’
tre Y, ey wen b pt throttie up Wime s readily nddeoo mablo mn\r‘t'm.,

e




woa i e bete the B pevond 10 pereent theaet Leat, and woulil mwyie b
poccible o stemat Tenlly theottle toon yalue Juwer thoan maximm Wb,
™eoe chagses weir vll disapprovel ol Lhe Flret sertea of Luminary, tul,
wtv it ip the teapper Cur tonsldemtion for taminney it nd poyord,

1T« The next mesting, K 1 undepretand Lt, will be on A"lt-il iy 3oty
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M/Chief, Apclio Dnta Priority Coordimntion

Lunar rendezvous abort summry

1. A great deal of work har gone on over the yeara on the aubject of lunar
Abort rendezvour, spearhended hy Morria Jenking, Ed Linehurry, Ruze Aldpin
and others, The resultn of nome of this vork hee alrondy been documented.
and more detailed reports are in the works, The primry reason I'm writing
this note is to give you a lnyman's summry of the nituation as I underntand
lt. Basically, it Is not na complicnted a subject am you may have beun led
to belleve, Also, I want to mke you aware rhat ecurrent rianning lnvolver
substantinl use of the vommand module, more than you may have thought, atpee
that'o a rather {mportant thing. And, finally, I'd ltke to point out nevernl
places where {nflipght “bort preparatidn: nfluence the nominal opevatione,

-

Pr—
B il

o Flrat of all, I'd Like to emphasize ope Limple, very nipntficant feature
of these operations, All lumar renderwoir---nominal, con'ingency, nherlems °
are cssentinlly the sane operation. The only two things “hat Influcnce how

{t will be perfurmed aret )

(n) ‘The phartup visuntion at the ntart: that in, which vehlcle 1o ahend
of the other and how far, and

{b) which spacecraft 1s to do the various maneuvers.

Fhaps they are ro etrrious and rimprle that they're not wnrth pointing out
tut §t turna oul everything we do in bascd on them, It ir to be emphanized
that current plans do not include exvtie, opeelal maneuver Requencen, rpaces
eraft or ground computer programs, opermtional technlquen, ete. In fact,
all lunar rendezvous=-<from m Hohrann descent following DPOI, (b) powered
descent and hover, (¢} lunar surface, both nominal and abort, ant (d) CoM
rescue==«are carrird cit uring the standar four maneuver, rendervour -
sequence««-C81/CDH/TP1 /TYF, {For thome who don't recnll vhat that mrang,
see footnote.) The wnriablea to hring mlout rendorvour are the timing nnd
magnitude ot thoae four maneuvern, conntrained to oceur within n m!Lend

1 Coelliptic Sequence Inttiation (CRI) 1t o mincuver whilcl establishen the
prop.r phasing and differential nititude conditions at the Conntant B ffopent T4t
Altitude (CDH) mancuve ' potnt where the orhite are made ccelliptie, Termind
Phane Inftintion (TPI) entablinher an Intercepting temectory of one npaerep s,

vith the other, and thy Terminnl Phure Ftond (TFF) braking maneuver ntopn the:g
from impacting each other, :

By ULS. Savimgt Bowds Regulurly um the Pyl Sarings Vw




number of revoluttone {primrily due ta 1M syrteman conatminta) and difforve
entinl alt!tuwde conctenlucd 1o e b bween 10O Al “ombless infortumibely,
the finnl appronch often onde up leinge above nntead of vdow an we won ld
prefers Thin cequence e aometime prooeded by a COM Hobmann trannfor toe
n low orbit but only H8 the COM In behind the TM nt the Lime of abort anl
miat anctat In bthe repdezvonn, Accordingly, standnist mnouyver logle In nll
that {n necded In the RICC/MOC il 1pmerernfL compitear programs.

3

3¢ Iet'n Tirat discuns Lthe altuntlon nfler the LN bas rmiccuted the Deneent
Orbit Insertion (POL) mneuver and un nbort ia required, (Nominally the CSM
Is in & 60 nm cireulnr orblt and the LM s In an 8,5/00 nm orbit,)

{n} buring thix mloalon phace apd ey tnon polnt M mimten poand
nominal powercd deceent Inittation (IND1), the LM can prrform the retdosvoo:
without CUM nunintanes within ' reyvolutiens, Jinee the IM qulckly moyen
nhead of the CM durlng thin mlerlon phnce, 1L muat teannfer to n hipher
orhit than the CSM to pet back, Accordingly, n LM actlve vendesvonr will
Alway - b from above the M. Clnee the TR Cimen are nol Ny dependent
uren e OOM arhtt to plye optimm i i copdition:, It In posnible npl
shoul i b n atandami pooeedure prior to DOT te pelay to Lhe M erew Lheae
values for a1 orml 0 orevolution v ndesven s to that. they are readily nvnc ialts
for onbongd tarpeting of the maneuyerp requenee, IE peeded, OO e Whe [MYe
Abert minesver and 1t w101 alwnyn be ponipende and hortsontal Lo o’ . the
LM'r orb!t alove the (GiM's,

(ll) IF the IM 12 paerlyve, the C7M st ontoh un by dhroppling looa Tower .
erblt than the LM, KT Lincberry's ople hnve chosen A 0 nm elreular orbll
inte whirh the COM dre) « by making © ecanned Hohmann teannfop bt of' wbant
toofpe ek, The flreet Ge oxcentod ppeeahad P orevolublon Al op I ot the
recond one ahnlf revalut lon af'ter that, (Inclirntally, the pepderynng. people
Are convineel that thle COM orb!t met pneuver execution t me 1 et oo oy
tette: than any othey, repamilece of the time an nbort sltuation !
recopnizod Inothin micrlon phnac,)  The 08EM then earrien oot the Atitulam]
COT/CDH/TPT rendezvount Yrguenes Fhadly avelving nbout m‘, Inien ntter MY,
One aomewhnt chpntfloart feature nbogt o1l COM active IM reacurn 1 10
atnen Lhe IM han aoperl e of onty ¥ opr 10 milere, 10 10 Imporeiblo to pa ey
nocoelHptie rendesyons fram belows  We can't Ply the COM Yower Lhan thab 1o
nocoellintie orbit, o all COM netive mepdenvous nee from above,  In thin
particulay nbort ense, [t 1y neoeerary for Lhe OOM o stay In the 7O um
entehup orblh oo cnonch to selunly pose the TM and net up proper phaeip:
for n LlmmY napproach Mrom shove, Aveoriinly, whonewer poinible Lhe M
shewthd nt bonet o by Bk trreasfiot oLy o paye M RCH Fiemdl bt Loy,
of Ttr more Myvorablo asproneh sonditione vieuaily,

{e) T the IM'y Irceent Propuli ton Syatem (DES) doean't work when 1 he
abort in tptliated, or abortsta due to DY failure to slarl at PP, it {o
our propo:anl to mike the CSM active ag ontllned In (b) In omlor fa nvad
rtapsing the DI with a1t e nlee eoneemaldon, ™is would koen Lhe whole
procesn ponsllee eritionl,  OF rource, the TN chonld athpe amd boeoms Hetilwe P
At TPT nr hking onee ceerything 1o umter control and pend W e aesured,




Total CBM delta V required to do thin doen nol exceed abeut 180 fpn In the
vorst phaning case (all SP8, except ullnpr), Mhio {ntroducen np important.
concept, The nominal CBM timeline during IM dencent nhould include tapmoting
and preparing for the llohmann trannfer maneuver ro Lt onn do {4 10 1t noodn
to, It would sountdown 1o po a 1littls more than one hour after 10OI,

by Now let'n dlsensn nborts from early Jowered Deacent (ID), Durtng about
the first A minuten of TN, or untll about hiepate, almoat the name procedurer
vould be followrd nn nbove, nince the phraing at abort {n the namre-aTM int
front of the CSM. lowever, there are twe alpnifieant differences:

(a) The IM uning Juet the DIS Ie only able to achiove orblt for the
firat 5 minuten of D, Alter that the IM must ptage amd uae some AID o0,

() The LM nbort ineertion orbit in eurrently targeted for only 10/30 mm
vhervas the poot=NOI orbit ts about 8,5/00 nm, Thin means the CSM cnnnot get
into n amaller (chorter period) orbit to do A rercue, Mt ir, if the COM
cireularizen ot 20 nm {1t will have the name prriod as the IM and will not.
eateh upe  This prompte a current progrem chiange requcnt for the TH propram
(Luminnry), mamcly, o chabge early abort targeting in the DIB atort (1=70)
and ANS Abort (P=TL) }roprme to tneert Into A 10/00 nm orbit to peymit OOM
rescue LT nucennary, Afthout Lhlr we dun't have a M rescue capability
for this sttuatlon,

(r} If the IM dovs rol have to cliyr ta reach the OO nm orblt, we
penin propone the CiM perfurm the rendezvous Juct an deseprlbed In parapraph
J in urder to rave IM consumbles,  Of course, I the IM must rtaec due o
DFS failure or late abort (atter 5 minutes Into FD), It mipht ar wcll po
ahend and do the rendeevons, t.e,, netive IM nnd parelve COM,

Y« Iuring the rest of I'D (approximitely after hiepnte) through hoy o wid
even for the fleot foew miontee on the luvie anefnce, the phaning e elnngeed
rurh thnt If the TM aborito {4 will be tralling the COM when it potn tntoe
orhit apnin, ‘hat {n, during IT Lhe CAM overtaken the LM and procecds nhead
of it such that roughly after hi-pate, the LM should Inaeyt Into the nthnpdard
10/3¢ orblit nnd, ucing the stamdard mncuyer pequence, wiil rendezvous from. -
below the O0M, €01 will occur 40 minuter nfter dnnertlon Junt Llike a nominnl
remdrzvoun,  Conversely, [I' after Inuertton (unlmg the AFC, of course), a
CaM reseur of the TM Lo reulrend, the phaninge Je vipht for the M to perform
the atundard maneuver cequencteescncontinlly "mirror Imge" of the IM
mneuverneesto rench the IM From nlwwve,  In el ther enne, the rondesvoun onn
b aceompllched within two revolu! fons,

6. Note then, that durime the IM's Hobhmann dercent. nitoep DOY, the 08M tynfls

the T by nn Ineveacin ameant m' foe the phvatae altuabtlon preeees, (yy

worae,  Thie beend pevorees bty 19 smb Y nb nome Ynntan, rhiort 1y aptop

Rlwpate the paaine o perfoobly womlon] (\Jin-n thie TM nehleven arbit follpve

tnie An nhnri.s. Arter that o the phnatug depender apatn but thlie Lime with

the CUM Llending the LM, evach that Lhee rendeavoun by the TM lo ar w preftrees

from below, The only thing Ir tha! the later we abort the longer It Laken, .




one Lhing tn ovident from thin,  Prom an nboret tesfonlory atamdpoind teeo

fa o "preferrad” poelod o aborty Peeeefore, 10 pom Thie we o ahoikd at b mpl
ta aelect Lhe "O0o/No o for landing” Lime tnfD within Whle perlods O conee,
many other eonniderationn are involved In Lhis cholen, too,

T. Finnlly, I°d llke to dincues aborte from the lumar surface, Mich han
bren prid about "anytime 1ift of M and a preat deal of work han pgore and

fa goirg Into f{t, Tevnonally, 1 feel it'n time we Knocked that off, and 1'11
raploin why nnd whnl we should do [nntend, it fivet T llke to potnt oy,
n reparknlle almtlarily of the IM'a lumr nurface altuntion to nny of our
manned earth orbltal misnionn, On the latter, immedintely nfter inrertion
{nle carth orblt, oritienl parameters are checked and n to/No Go fur onc
revolution in plven, And the apaceeraft elther aborta or goes one revolutlen,
AfLer that Gofla Ga'n for more Interper revolutionn ave plven at loptenl
timone=eCt for aix, (o for 16, eote, fleentry nl there tomer o rerlon. 1y
prepared for and that's where the effort posa,  Of course, nome connbderation
in glven to coming down in between thene planned vecovery arcar due to
orlitleal ayatems fallur s but not mich, It ean de dnne but “nnytime reentry”
weuldd he BAD NFWS! We nve the same sltiation with the LM on the lunar
surfmee,  TImmediately n®tor the I 2 shut off after lnnding, the spiecernft
rhould be mnintained i Lthe same etate an during hover for abont three more
minuten, ‘That {n, the mildapce syntem remnins In the pnm program ae weed
during terminel deseent and everything remainn prepared to "abort stape,"
Duringe thir three minuton {or whatever) the crew and the pround mnke a rapild
choek of nll eritleal ryntemn and spaecerntt state {auch no L11L, cle,),

Then n "Go/No Go for two hours lunnr ntay" is pivens If IL'p No Cowes

"abort atagee” {nto orbit and follow the standrird remdezvoun procednr o noted
nbove, If it'n n Go for 2 hourn lunur nthayeeastay and otart prepacing to
1ift off in > hours, I necensary. This Includer platform nlipnment:,
mifdspee pystem tappotly, ote,, nnd nll bthe rvest of 1L, From here on s

n rerlen of gGo/No to'n for more nteper revolutionn {CAM'n) on aome lopiend
tneia and serlous preparatione (tnepeting, ote.) rhould be earried aat for
theme  That's where the effort should gn, That ia, If thisgs ro bnd, launch
when the COM comes over agaln with nominal phasinpg, Speeinl provirions
rhoulis not be mde to rupport a true "nnytime launch” capability, That'e

FAD NKWH, toe] Of eomroe, MCC/RINC prosrams nnd displays rre uvallable

to hnmlle the pltuntion 1f 41 wore to veeur, bhut on n lew probablility
conbippeney banin,  Undor aome plinalne pltantionn, propellatt reoudroment

and apaceeraft failuren, ele,, rendezvour would not result,

B, Furthermore, Jurct llke for reentry, I propone dinerele LIft off Limen
for tin nominal 1M 1104 off,  The countdown shond ! Inelude adequnte Lime,
idlts in helda, etey, Ly tnnure beinge rendy to po on timce. eonee por COM
revolublon, 11 Gt apportuntby fo mireed  wadt two henpee and ot Lhe
prourem that delnyed 1P off ettt ogt, What IYm anylne Treaenld
planning, proceduren, pround rales, tesininge and almdatione, etey, should
he orinnted to tho:e "probable” 1Tt oft timer (l.e., 3 minuten nf'ler M
amd onatipe onee por COM revolution), Jurl 1ike we do for carth orbitnt
roentry.

e

'
Yo



9, Wollamsthat war o lot of' reading, T hope {4 helped atmlphbon ot o
you what lunar rendezvoun nborts are all about, If you ntiil don'l under.
atand {t'n not beenunr 't'n compliented, but rather beeaure T didn'l

explain it well enocugh. Bo give me a ¢n)l, Or the people who are renlly

0 T‘ B
%:21 W. Tindng, r‘..“".Q M‘L V\ ’

doing the work.

_ Addresseea:
(cee attached 1int)
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Memorandum

1 7! fles lipt helow 7 DATH! MAR IJ m
{NePAT(1A
PROM 1 PA/Chief, Apollo Data Priority Coordination
sumjzcT: Seventh "D" Mission Randervous Mission Techniques meeting
L m——
1, The "D" Rendezvour Misslion Technigues mesting of March 10 was probally
one of the leaat productive no far, and I nincerely apologize for It. 1
148t have been tlred or something, Even po, with All that talent present,
-’th}rg rust be pomething wnrthwhile reporting, .

S At one of our sarlicr meetings we tentatlvely votahlished that platform
alignments would s performed by both vehiclen during each period of darkncas
throughout the rendesvous exercise. Paul Plxlay (MPAD) presented some data
at thir meeting which siowed that, from a rendervous navigation atandpoint,
1088 of oboervational dntae--rendezvous radar in the LM and aextant in the
CSM=maCiring platform slignment hurte us more than a little platform drift.
Accordingly, Lt {n their proponal that platform alignments only be performed
prior %o the meparation hurn which Inftiates the football rendervour ln the
veginning amd Ln the darkness perlod nhared Ly Lhe pouedo<TPI when the LM

18 above the commnd module, Thie appliea to both the LM an) the C8M, Unlces
someone hng remson for (isngreeing with thia, their recommendation ls accepted
and 611 further work should be based upon it,

3, In renponse to an action item from the very firat meeting, the Orbital
Mission Analynis Branch (formerly the Rendezvous Am lyels Branch) reported
their progress on developing technl.,ues for insuring proper atation coverage
and lighting conditions during the rendezvour exercise in apite of trajectory
perturbations earlier in the mismion, The most aignificant of theoe
perturbations, of course, is failure to launch on time, As r result of

their work, it is nnticipated they will recommend selection of an earlier
nominal launch time and change in direction of the BP8 engine teats early

fn the misnjon ao Lthat the spacecraft will nominally fly in a higher orbit,
during the period between them, In addition, it will probably bLe recommended
that these big 8FS burna be peparated In time by approximately a day instead
.  eurrving within the eamec period of mctivity., Il thene things are done
fv »111 be poraible to compensate for lift off time delays by decrcaning the
horirontal, ineplane component of these 8FB burns i{n real Lime such that the
npacacraft does not go te such a hiph altitude, thereby shortaning the
orbital puriod during that period. The implementation to earry out targeting
of Lhone mancuvera in roal time may utiline the rendervous mineion planning
tools In the IWICC that are already avoilable, Thelr proposec approach would
be to modify the 8F) burns uslinpg the Gemini Agena maneaver logle to cause

Bry 1.8, Savings Bomds Regularly on the Payrd! Savings Plan
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ses cpmeeerad o Tewderveus with n phantom target.
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thae resulte of the b earslecr no losieal flov churte atdd cupporling
Ittarntaee deeeribin  the ml.lonul‘.- of how the puldance kyrtemn widd oo
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' ¥ UNITED STATES GOVERNMENY
Memomndum

séuih?ﬁhu o T phrt iJB&
'3 : & . . ;“H.mu!'-{lm 4 LR P
? 'm/ch.m. Apollo Data Priority Coordination e

vl;lc'r' Lunay Reentry Miseion Technidurs mectin: - Mareh 7

1. o©n March T we had a Data Friority Mission Techniques meeting on lumar

reentry. This wvas the first on this mission phase with contractor partici. >
: pation. Our objective wae %o understand the current atatus of the busincco i

: and to begin pinning down the operational provedures to be u.ed onboard the

' : spacacraft and on the ground, We were partlculaily intoirested in data flow,

decision points and logic, and the actual detajiled techniques to be uned

during this phase of the mission, Although we intended for it to atart Just

prior to the final (third) midcourse correction on the way back from the

moon, it turned out the discussion unavoidably included activitien earlier

{n the flight, starting with the Transearth Injection (T€I) mneuver itueclf.

Generally Bmak&m..l.mulﬂ..au.&ht&.ﬂuinn_nhau,u better underntopd nnd

more comple r sion, A ressonable

set of misaion techniques is more or lesc in hnnd right now,  Of course,

there is no question that eignificant changes will bdbe made basred on further

analysis and actual flight experience,

Paragraphs ? through 5 deal with
the midcourse correction maneuvers

2, Jerry Yencharie (MPAD) briefly discussed the second mideourse correction
maneuver {MCC2). It is a maneuver to be made entirely in-plane designed to
achieve mpecific entry interface conditions consimtent with a safw reentry: e
and controlled landing point. Analysis summarized in Plgure 1 has shown that n
- thin maneuver can be made efficiently anytime in the period between 15 and 2%
hours before entry, and so it ahould probably be ncheduled Yo it the crew
vork/rest cycle, However, some consideration is being given to rescheduling
it in real time based on its magnitudes Obviously, both the nominal time and
real time decision logic must be worked out before that (i.e., now). One .
question to be resoived involves basic "amall maneuver" philosophy. Spuoifice -
ally, should maneuvers of a magnitude lese than the targeting uncertainty be -
made? We have generally said that they would be sc that diepersiona would be .
equally distriduted plus and minua., This, however, is not the currently - %
prcpoaed technique for these midecourse enrrections, and deserves further -
examinpation, It i» clear that if thiz maneuver.is made we'll use the Exterpn) :°¢
Delta V guidance mode with the SPS engine (1f it is in excesa of B fps), And (¢t
wvill be targeted from the ground, Platform orientation can be detarmined elther
onboard or on the ground; this appears to be pretty muich a crew preference, ard
we'll ke {nterested in their decision, o

g
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heed be made In eavrbid out ae followat e deasired tEIght palh niw e #l.
 the entry {nterfacn In compnred to the ]midlt'trg v lue anoumi e e MOC 4,

HE , S

Av A LHIN widoourne coepeobion (MO0 S T netaintig I te Gl 7 o T
prior to entiy, the meal Gl deednbor i W whothor of ol Lhis mgis e R

Only If the difforence In Lieae Lo cxevedn o 60 wEll the mnsiver e exomlisl
Thin limit has been nelected to lnoute nonafe reentey but Lo dame cnoueh ta
mie the need for thic mancuver extremcly emil.  Yor example, a ;U0 eample
Monte Carlo ntudy wan made, and In no choe wao the MOCY reayired,  Iu fwet,
the largeet flight path anple differenes van only About )° (new PYjure 1‘- L
IV hae been ratabliched that this mneuver will be entirely implane, tarpoted
from the pround to achieve the draired fllipght path angle amd will utidlize the =
External Delta V guldance mode, Of course, the inertial platform must be Co
allpned prior to thin maneuver, Its orlentation will not be conctrnined e,
provide any particular piteh attitude dinplay on the FDAD Beball during the
bturn. Of course, the ORDEAL could he uced to give all goron on th Hainll,
The actual REFSMMAT Lo be ured durine the MOCT and meentry will bre compuled
and relayed to the erow from the pround o provide 0, 0, 0 on the tall nt
400,000 fert atlitude when the apacecraft lo {n n headn down, !neplane,
horizontal, wings lovel attiltude, heat chleld forward,

b, It has also been eatablished that preparationn for all mancuvers o

bepun 2 hours and hO minuten before time of tenitton to allov cufrielent

time to activate the oyntems from n etandby state, to met all of the R
Inttinllzation data lnput Into the rystem nnt to make all of the varioun
checks to develop confidence that the burn will be made properly. It wan

anlvo declded that Lhe same timeline for brinping up the syctem, nlipning the
platform, ete., would be utllized repnrdleas of whether the MOC3 mancuver la
made or not, FCED people involved in crev timeline development took the
actlon item of making sure this in an acceptavle approach, s

5¢ Although major emphasin at this merting was devoted to nomlnal reentry
procedurer with nll syriema working properly, we &id Jdeparbt long enouph to
digcusa briefly current plans for handling commnications failure oncurring
at about the time of the second midcourse correction or later, HRpecifically,
it wvas stated that if the greund has trannmitted to the spacceraft fts MCCD
otate vector and targeting commnd load prior to communioations fallureé, L
there should be no attempt made onbuard the spacecraft to perform onboard
navigation using the scxtant. The point la that onboard navigstion can foul - .-
up the atate vactor and some of us intultively feel it better to stick with .-
the last set sent from the ground for entry {f {t i{a that current, Vaclous
people did not agree with thiu rule, of course, and so an action itom was
promptly levied upon them to determine a superior alternate approach in
detail, In the meantime, we will continue on as’ desoribed shove,




Mmperoaph. & threteh L dind

D e _ calry prepartlon B L
Os At present tim mentry pculdnnee philosdpiy breehles tvo plameed et o2
arens (FLA) which nre f1lustrated In Fipwre i (AI1 Pigurvn atlnched s
veurtesy of MPAD': Lunnr Misnlon Anilyrla henneh) 1TA Y Lo a thounnmd mide™
band Lneluding the primary Lamiine ;nint amd giving tin eapabflity of bad Col
veather avoldance, In the event orf PRGCS faillun n chorter rmmn lamilng
point, FPLA P, Ir dezipnnted connsintent with a no rkip, conntant. p meentry ;
vhich {r the planncd backup rrentry mode, Effortn are belng mde Lo Jetormime -
if the PLA 1 mnpe can be mde to Include FIA 3 with eurtent. INGCT baniwnm: '
hn! softwnrc implementation, If o, 1t | probablc A would 1o eeleebod
ni the primary recovery aren !In order to mmhke NOC, B med backup teohnl o .
nll compatible, .

To With regard to the conrtant p reentry, the MAD rechtry people bave thee
action ttem of preparing and dellverine upinted eomctant F recntry ol
factor profiles Lo FCOD for their evnluat fon and, hopefully, buy off, W
anticipate no problem on thir, Tyyieally, they s n b p peontry with n

b minute duration or n 3 ¢ reentry with A % minute duratton, pometim o
preceded by a hipgh ncceleration, short durtlon aptke (See Plpure ),

8., It wap eatabliched that ne long ns comrunicationn ex!.t with th- Jund,
M5FR data will be uscd for EMS initil’:ationm. This netlvity will be schoduled
at some convenient time, probably an hour or do hefore entry, since It I: pot -
tim' eritienl. Although the INGCS computer ir procrammed to provide Lhie dnts,
there {n no need Lo pay any attention te {t unlens eemgmurication: provent
recelpt of the pround update, :

% Commnd module/rervice module feparation will be carvied gut wrine minusd
-attitude control nnd will oceur upproximtely 15 mlnutes Wefore Bl Tt wis -
T stuted that the Deacent program (P=61) w!il be cnlled up approvimately o
r' tes prior to that event, This will chable the POCS o neerpt neerlerge” -
m - npute making Lt aware of any smn)l apaceeraft translations due to
sepacation lteelf and/or due to Bubrequent attituds control. (Reenll commamd
module att{tude control la not done with tmlanced couplan,} Nlnpee seerlerge
meter blae conld accumilate over a period of time an o nlgnificant contributor
to mienlny the landing point, we cpent some time diceunning the queation of:
whether or ot allowing the gutdence ryvrlem to neeept acceloromotor | nput for
3 or 30 minutes prior to entry interface |» neceptables Acoomiin tn perent
apalyain (oummrized tn Flpurs 1), down range misn dintane dur ton ? atpma -
necelexometer bias (omlibrated Inflight) would be about 10 milew, and crope
, range would be about half that much, even |f Aveimge O lg cnabled by the
Descent program (P-61) 30 minutes prior to entry, Som congideration in .
npparcntly being glven to addins an aceelcrometer threshold iimit inte the Y
L, cemputer program to avold thie small orror, Since Lh!n woret case ertror is
i N really quite acceptqble, I would ppoce any puch progmm chanpe whioy, 17
nasume would only br made nfter approval of a formal propram _chnngﬂ-*i‘;-:uo.:

T A oy

te .
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W Clmde Omvea' prople procented coms data Lo chby the myml . 5 e
landing polat mira due to plathum mtaallpimul, e mjor contrimte © v

{ace PLmire %)y Ho oliowed that with 3 nlpma ryron Lhe mirs dlitane
wAe nearly lincar at the rate of about 6 of R mile down mnee G e -

crode range for ench hour spent betvecn the lnei platfom allmwment .. '- o

entyy interfacc, Ofnce a 3 or b hou' period of deift wuld only remilt In
nbout 10 miles mlua ut the wornt, we frit it unncecnsary W mke nny furthep
platform nligrments after the third midcourse corroetion, ’

11. Some thourht wne glven to making n apucceraft attitude chock ucine the

gextant prior to reentry; howewer, it waa concluded that thie really
accomplirhes very little, Confldence haa been developed in the PNGCS. pricr
to the MOC3 mncuver and so we would only be uncovering faflure mrhsequent
to that. PMurthermore, there are a whole serien of PNGCS performnr:
evaluat.on tests ansociated with the reentry ttrelf mnde hefore semmlting
to the PNGCS and thers In mothing that could te done to £ix the ayctem IF
It has failed In that short time. All of wvhich naya, the teot in uselcs:,
~AccordinFly, although FCSD has not compleoted the dotalled timelime yei, ar
of now there {8 no known resson for the crev to leave the lr couthen nfter _
MCC3.

12, We had a lengthy discussion with regard to initlalleation and wur -
the M8 roll stabllity indicator {(RSX), alro known ae the Toll attit.de
Indicator and 1lift veetor indlcator. Apprrently, thin device 12 merel: &
repeater from the FDAI roll bug driven by the GDC. It was originally

lncluded in (he EMS when there was only one FDAI in the spanceernft. Hovever,.

novw that there are two FDAI's {tr purpose and walue are rather nehulous . ™
Actually, the discussion took a surprising turn, We started out tryin; to
flgure out hovw to initislize the damn thing and after mich emotlionnl,
confused talk we seemed to arrive nt the conclusion that it really has very
little value, Mike Colline Interds to ottain a crew positlon on this, and
Clyde Paulk was requested to pulse GAC on the same subledt, The thins thne
bugged several of us in that we shouldn't have something displaying wron,
information {in the cotkpit, and so wo should elther cover §t up with

magking tape or else we should line it up properly, no mtter how unelras

it is. The problem is that the wny the PNOCS controls attitude ir not =
coneistent with the R8I allgnment proecdure, Trevefore, (t roquires the .
ersw to control spaccornft attitude manunlly until .05 g, Antually, T 1 .
not Ao sure {f that oupht not to be the proerdure anyway, !n order ty -
utilize the hor':or nc an independent check that the spacecraft i: [n
proper piteh tr m attitude to insure acrodynamic capture of the apacenraft
in the proper auttitdie. Left unrenolved was whethor we ghould oulmit a

program chanpe requeat -to make the Colcasun lumr return reentry propmm B

compatible with thnt proosdure,

war
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13, The romaimder of thle mectime dealt olth reeatry prucedure bnned on
Figures 6 and T which nre attached te thinr mewomidum, Qchernlly npeaking,
these provedurde f'oi* monltoring a nominal reentry and earryinge out a baekup
reentry seem to bo well thought out amd complete, Obwioualy, there are atill
a number of relatively minor refinemnta or chanpen vhich havwe to be mde,
Bom: of theee are the [tems reported in the following mragrapha,

1. Probably the muut Important deelsion 1o be mad: during reontry occurs
when the reentry propT™am changes from Peld to Po(, which vootr: Juat aboul
at the time of peak g's, At this time, n display of predictod oxit veloelty
and drag level (VL and DL) appenrs on the ICKY. The crev muct determine LI
thesr values are within limite determined by the prouml and rlnyrd to the
crew as part of the atundard entry preparation procedure, I they are within
bounds, tne crew commits Lo the MNOCS, I they are outelde, the FNQCE han
falled and the crew takes over nml fllen conrtant g reentry to MAD. An
Important point to he mde here v that the primry PNGC8 Go/No Go cheok e
bnned on a comparicon with the pround and that thir |a cone tdered abrolute!
Of course, the crew does monitor the FPME frr reroll line violatien whieh

. alro could result in abandoning the FNGCS, but tnat i not n comrarison of
one aystem sgainct the other for performance eynluntion, The criterin on

.\..f vhich this test Is tnncd i{a expected to be ticd to the accuracy with whirh
the ground is able to predict these prvameters ar oppoacd to beine relected
to eatablish nuch thingn as 3 slym PNGC: performance, norutmnec of anding
vithin nome apecified dirtance of the recowry forer, or asturing teentry
{toelfe-aalthourh it better do at least tha'! Graves' people are In the
process of determining valuen for these llmits and then we will know what.
zort of reentry my bec nscured, They expect this work to be coppletod at
least aix monthsx prior to the "L" mianion.

1% It was noted In this di{pcussion that a rucond et of DRKY dinplay

parametern are avallable {n P05 by a erevw input of "proceed” to the L
computer, It is evident that the ercv i: not likely to perform that ‘
cperation while experiencing 5 p's, mo Graver was given the action item of
determining whether these display parameterr (inertial velocity and nititude . - - . ..,
rate) are of any rwel use to the crow, If they are, it will be micenanry to S
sutmit & Colosrum progmm chanpge request o mke thalyp appearanoe aulomtio
prdably after display of YL and DL for n flxed longth of time,

164 Another TCR Oraven intsnde to aubmit for Colommis Mo, 2 Jould make

PNOCS control of attitude he 1lift vector up until .2 g's during "recon!
entry" folloving a skip, Thin {e felt to be mandatory since a pitch trim .

attitude check on the horizen in critically needed &t this time. At prosent o
the computer program will drive the apucrernft attltude te whateyor bank

Angle "{s consintent with the reentry puldance objogtiven even theuph prier ’
to 7 R's the sarodynamic ferees contrivute wery littls to lemding roint ex

. eentrol.
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Tie Grniven? people wee reented Lo oxnmine the PS wefOLL Himen Lo makec
M no KM Lime violation during the poveoml vatry would oo the erew Lo ¢
take ovor from o porfeetly opemting MIGCS. That Lo, we want to mke

certaln that aut'tlotent mrpin Lo provhicd tn prevent thin from hamnlnﬂ.,.

1%, Foth MPAD and GAC were requected to develop uome rori of tentn tn be
included In the reentry proctdure to delermine b ke PR 1o performing
properly. MR will prebably do nome work on thir, tous The point !a, ft

var apparcnt from our dincusolon thnt all performance eynlustion was .
centered on examination of the PNACS with fvitchaver (o the FME in the event
of ttn fallure, What ucemed to be miasing wao porformance ewaluntlon teats
of some sort to mke oure the EMB wan wvorkine well cnouph to be uded,

flow diagram to start the review eyele on thin mirsion phane, Ler a R

19, PBased on this dny's discuuslon THW wI1l prepare A minnlo&:hniquon
f
couple of internnl MSC meetines, I och$1n apain call in RIT and KR

and pce If we can't put Lthis businesa on tco

Hownrd W, Tindall, Jr. )
Fnclocures 3 ;

Addresseea: d
{see nttached list)
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FB-PA-T=2A (11 Jan,) Flrat 2 houra on lunar surface will bhe devoted to ApaCEs
craft ayatems checka and launch preparationm-~simutation of final 2 houre be-
fore ascant and rendezvoua: pood practice, glver imdication of any potential
trouble mpots, preparex LM for emergency mituation,

68«FM-T-12 (16 Jan.,) Sub:cct: "Automat{c renfezvous boresight into Luminary,"
"The Elight crew ham blunt'. «anounced that they intend to maintaln boresight
on the IM contlouously, padticulariy after the CDH manegver, and had requisted
that the computer program be modified to do thie job automatically in order to
relleve them for taske only they can do,” (R8: once agaln, I don't understand
the technlcalitlens, but thought you might be Interesmted in anything the flight
crew bluntly announcen, )

6H-ADP-T«13A (17 Jan,) Subfect: "No change nesded In the laading aite deter-
minatlon programs « CMC or HTCC," Data Priocity meeting (n tate 1967 had re-
rulted In program change request for the Colomsus computer program, the pro-
pram which 1s ured for determinlng the location of the landing site, Unexpects
ed repult of 12 Jan, meeting on fmplementat{on of thie change was that "the
change wan not necded at all and Lt wam cbvioue that the CCR ahoutld be so ad-
vimed," "It really [ immaterial wupthvr nr_not the apacecraft {m able to
compute the lnndlnu_pltv tnlntlnn Home 1ather lnuny aperational procedurens
Appear to be necesrary during the lunar fanding mieafon In order to do the job,
but that ts not ar a reeult ot anv deficiency tn thir program. "

bH-APaT-14A (17 Jan,) Sublect: "Reentry from lunar wmisafons,'" "0On January

12 a group of Fligth Crew, Flight Control and Mianion *lanning guyn got togeths
er to talk about the lunar reentry and mome rather intevesting things came out
which I am rvecording here for my recotda and your amupement,' Pointe conaidas
crodd  last mld-courme correctton before roentey, moat desltable spacecraft ata
titude durlng aervice module mepavation; If and how the ORDFAL will be Lncorpore.
ated Into thisn operation, '"n lengthy and emotional discusaion concerning the
asveralt resntry trajectnry phllomophy," EMS initialigation, "We'll work on atl
thia mome more and within two months we't[ get together with NR snd MLT too, "

HR-AP.T-15A (22 dan, ) Subject: "'Final' review of Spacecralt 101 (Mimnion "'C'™)
Retrofire aml Reentry Mlanlon Techniques,” "Final" review held on 10 Jan, with
crows for Mlanfons "G "D, and "C' (n attendance, Probably momt vontroverstial
Ltom:  wanner tn which the Entry Monitoring System i{s to be used: FEM3 {s only
peing operated ax A ayatemn tert and {8 not uti{lired in the actual contenl of
rhe reentry, Lone pnrtl@a contexted thexe decintonn, in particular NA," Some
thinge in regard to the FMB, "Once the comments noted have heen Incorporated,

It ta my Intention to prenent thln to the MSC management For thelr {nformation,
(rltlyinm and (inal approval,’

OH-TA-T<16A (24 Jan,) Subject: "Second Mlseion 'C' Rendervous Mirmion Tech=
quen meet tng, " Held 10 Jan, "“Submequent to thim meeting I dincusned our
conviuelons with Tom Btafford and Donn Elaele, who both concurred am of this time,"
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69-PA-T-42A (* Mar,) BSubject: "G tunar Surface stuff f{s atill incomplete,*
re the use 3f the expreasion "go/no go'' and the decision whether to stay

or abort tmm.dia-dy after tunaz tandiag: "Every tine we talk about this ac-
tivity we hava to redeafine which wa mean hy "go'" ans "no go," That les.
confv-{n inevitahly arises alnce "go' meana to "atay" and "no go" means

to "adburt' or "go," Accurdingly, we are suggenting that t'ie _e-minulogy

for thie patrticular declaion be changed from "go/no go" to "stay/no stay"

or something 1ike that, Just call me 'Aunt Emma,'" "Lapt summer
CALC honored us with theoi+* presenca 4t one of our meetings and to celsbrate
the occasion we glve them an action ttem, . . . Wo haven't heatd from them

slace, on thac or anythling elme, X , . "
69~ PA-T-44A (14 Mar,) Subjecti "Happluesn L8 haviog plenty of hydrogen,'

69=-PA-T-45A (12 Mar,) Subrlactt "Simplifivatfon to the pru:sPDl abort proe
cedure," dJlacuxsion of the procedure as worked ovut by Tom Glbson and George
Cherry; "Great work, Tom and Ceorge, Keep that up and! predict you'll go
placen,"

hGePA-T«47A (20 Mar.) Subject: "F misston lunar orbit attitude nequence,’
"Who vould wmuggest that the crew not look at the sunlft moon once they have
gotten fyere, even Lf 1t conta mome RCS,'

6UaPA-T-52A (1 Apr.) sublect: "PCNCS operations while on the lunar surface,"
"Dur g our March 27 luanar Surface Minaton Techniques meesting I think we
finally mettied how we think the PGNCS ahould be operated, How many times
have [ matd that befure?"

A%uPA-T-RB (30 Apr,) sSubject "What's deacent all about?” "As a result
ol some stitring around within NASA on how the various guidance and countenl
syatems are umred during descent, George Cherry of MIT took {t upon himaelf
to write a complete deaciiption of the capabllitien that exist and how they
may be umed, Without doubt, this is the finest, briefeat, moat readable
degcription 1 have ever rren on the sublect and for that reason 1 am fors

warding A copy to vou under thim snining white plece of paper,"

AY-PAT-70A (5 May) lubfect: "Degeent Monitoring Miasion Techniquea--a
atatus repart,” "There Ia another thing about powersd deacent crew pro-
vodured that had reallVy bugped mr, Maybe 1'm an "Aunt Fmma''=-cettainly
some ma amart people laugh at thim concern, but 1 fust feel that the crew
should not be diddiing with the DSKY during powsred descent unlean it {p ab-
solutely emaantlal, They'll never hit the veong button, of course, but Lf
they do, the rexults can be rather loumy,"

69-PA=T=73A (7 May) Subject: "Apollo Mimnton Techniquer Documentation
Schedule," Here {x another Minmion Technlques Doc, Sched,, since the last
oe is theew monthe old and barely reflects reat 1{fe any more. The Lunar
Orbit Activitles Document wlll salwmost certainly have to be updated to te-
flect whatever wa learn on the F miasion, A June 30 releane date for that up-
datr witl he kinda late, of courae, but Lhat le & problem everyone has when
the laursh occiurs meven weeks after the lant aplashdown,”
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63-M-T-18 (29 Jan.,) George Low announcet at hin 2% Jan. staff meeting that
the IM<2 miwsion will not be flown unlesn swomechinp unexpected turne up, Fie
nal review date of this decisiun--6 Ma.ch, Development of the creft to con.
tinue as Lf it were to fly until that date; disposition 2fier tha. ham not
been eatablished,

68-Fl-T-19 (% Feb,) Subject: "Sundimk Wemsrtrix {w o 1fttle wierd,"

68. PM-T=20 (Y Feb,) Subjectt "Invita:'c to b3 ‘hrottiing for DOL meeting."
lack of definition of the rpacecraft ¢ =riter program requirements artccicted
with the throttling of the DPS, 'What we mtist do Le to ga* all Intei.sted par-
ties together to pin thie business down ouce and for all {n order to provide
positive direction to MIT for the ltuminary program, Unfortunately, we are pros
bably already far late to avold achedule impact."

68 FM=%=2% (5 Feb,) Subject: "Sundimk range rate computation {s not rcal aca
curate,”" "This deflcioncy . . . meemed mignificant at first . ., . But conside
ering the much larger arrorm we probably will encounter , . . {t will probably
be tomt in the noAme which we had to be prepared [or anyway, Thisx note is just
to make aure thar everyone whu Im interested knows about this thing,"

68-PA-7%-26A (6 Feb.) '"Somethiny rather amtounding happened at the Apollo Space«
craft Software CCA meeting on Tuerday, Jan. 30, It was aoc shocking the word
apread tike wildfire! But just in came you have not already heard, it looks
like we are going to get rendervousm radar data on the downlink during the criti-
cal M powered flight mission phasex," " ., . , 1t had been anticipated tlir
program change request would not be approved, Thelr (MIT's) more detailed an-
alysen, however, showed they could provide these capabilities with no {mpact at
All, and wo we're going to get it,"”

88-PA-T-26A (6 Fob,) Subject: '"lunar Reentry Miseion Technigues meeting,'
"Alrost a1l of our discuarion deait with the final mideourse maneuver {third)
prior to entey, When scheduled: until romething comes along to change {t,

we propome for now to achedute the third midcoutrae maneuver 2 hours prior to
400,000 feet, Meeting almo extablinhed "a criteria upon which tt will be pors
nible For the flight controllers to entablish the need for this maneuver,™

"1f the predicted flight path angle at EI (Entry Interface) diffevs from the
demired value by more than ,36Y, the third midcourse maneuver will be executed,
Acvrording to Pete Frank, this value {w sufflciently large that the tik!{hood

of the third mldcourse manevver {n very low.," In regard to proposed modifica-
tiona In apacecralt computer entry programa and inftlalleation of the FEMS, "tt
wnn daclded that our next meet ing ehould inelude participation by MIT and NA

personnel,

68-PA-T-29A (7 Feb.,) Subject: "Third Mission C' Rendervoum Miwaion Techniques
meeting." "There L{w some councern about ume of the 8PS on this first manned mis-
aion, particularly theme flrmt maneuvera, For example, is there any problem {n
making three SPR hurne within one revolution? And, can one of them be & mini-
mom {mpulme burni? That Ik, s there a freering problem or aomething? Any come
mentn on this would he apprectated,” "That {a all I can remember that happened,
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68-AP-T-30A (8 Feb,) Subject: "Third D Mission Rendeavous Mlsmion Techniques
meeting," '"We had our third 'D’' Miesion Rendezvous Mission Techniques meeting
on January 29, 1 am afratd it was & rather frustrating mesting for everyone,
But on second thoucht--what's new?' End of memot "1f anyone comes, we'll get
together again at 1:00 pm on February 12,"

68-PA-T-24A (71 Feb,) Subject: '"Landmarke for lunar tracking.” On Fsbruary
1 a bunch of us who had been working on operational nrocedures associated with
lunar landmark tracking got together with rome of the lunar Mapping people who
have the responsibility for melecting and precisely locating the lunar land-

marks to be uwed, This wan a ratler vrefreshing get together since, ae strange

ag Lt may weem, nefther group knew much about what the o*her was doing {n any
detafl,"

68-FM-T-35 (20 Feb,) 'Here ls another request for {nformation-«this time deal-
ing with landing radar reamonablenens, The basic question {s how well can the
crew evaluate the quality of the landing radar data ., . . e it possible for it
to read out tlie wrong altitude but give every {ndlcation that (t i{n performing
in a perfectly normal manner?" "The polnt is Lt xure would be nice to be able
to tell If the radar wam wroklng even in the face of a large altitude differ-
ence, alnce {t is {n that came we need the radar data the moet,"

68-PA-T-36A (20 Feb.) Subject: ‘''Spacecraft computer programs controlling DPS
throttling need some changes.' "It turned out a numher of program changes ate
hiighly demirable, {[ not mandatory, at least for the lunar landting miemion. "

68-PA-T-41A (21 Feb,) Subject: "Fourth Misrion 'C' Rendeevour Mismaion Teche
niques meeting" Memo is general summation of meeting; ende: "“Since everyone
wes having such & good time we decided not to wait two weeks for the next meete
ing."

68-PA-T=46A (1 Mar,) Memo about FLfth "C" Mimston Rendervoun Miswion Tech-
niquen meating, Ends with announcement of next meeting: 'We'll probably
start in the middle of the data flows this time to see if we can get to the
end Juat once, Mayhe there's momething interesting in that part of {t!"

68-AP-T-4BA (4 Mar,) Subjoct: "Awcent Phaae Mianion Techniuqen meeting « Feb,
27, 1968," "In the abmence of Charley Parker, our beloved leader, 1 {nherited
the job of chalring this meeting which probably accounta for why we didn't real-
ly get an awful lot done, However, there are a couple of things that are pro-
bably worth reporting.' Systems check to be run {mmedistely after lunar land«
ing expected to last about 3 ninutes, Until the GO/No GO we intend to remain
in a atate from which we can {natantly "ahort stage' and ga, After that 1t

will take much longer," lamt polnt In memot "1 guean I am attacking the nild
"MIT me" in ntating that we aroe meriounly handicapped by having no reliable
deflinition of the Luminary lunar aurlac and ascent programa, 1 understand re-
view coplien of these rhould be avayr'nin viihin 3 to 6 weeks and I am aure nothe
ing can be done tu mpeed them up, " .+ 'em raw when they get here!"
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68-AP-T-49A (1 Mar.) Subject: "FPLfth 'D' Misalon Rendexvous Mission techs
niques meeting--don't mias Paragraph 5: {it's great," Para, 31 "The [ol.
lowing is the most atartliing conclusion reached today! If the LM PNGCS 1is
working but rendexvour radar has failed, we have & serious problem with the
IM since no external data will be input to the spacecraft aystems--PNGCS,
AGS or charta, In thie caaze, it ir our recommendation that the vommand mod-
ule execute the TPL and subsequent mideourse correction maneuvers and the 1M
do the braking maneuvers,"

68PA-T34A (7 Mar,) S8ubjectt "Sixth 'C' Mlaalon Rendervous Mission Tech-
niques meeting,” "Thims March | meeting conflicted with the President's speech
but a few of us dedicated jokers pressed on as follows,”" Major {tems discus-
sed in meeting are briefly outlined, Discuawion of possibility of extending
the launch window--launch earlier in the day, T. recommends against, ''We
would like to request that very serious attention be jlven to this matter pri-
or to choosing a launch time earlier than currently planned,"

68-AP-T-535A (7 Mar,) Subject: '"Firat 'E' iitsnlon Rendezvous Mission Tech-
nlques meeting - March 4," ‘devoted almost exclusively to underatanding what
the misafon requirements and mission plane are for this phase of the flight."
"One nice thing apparent wam the substantial carryover from the "C'" and "D"
misston techniques meetings which should permit us to complete work on "E"

{n & considerably shorter period than would otherwise be the case,” Next
meetingt at 1:00 PM, March 18, in Building 4., Room e96, That's 1300 for

you Frank," (Frank Who? Borman?)

68-PA-T=-56A (7 Mar,) Subject: "Guldance system orfented ground rules for

TLL Go/NoGo," (a) A TLI maneuver will not be attempted if there is any indi-
catlion that the 8-1IVB 1IU guidance system le not working properly, f{b) A proper-
ly operating CSM PNGCS Ls not mandatory for TLI, That is, it is acceptatle to
make a TLI maneuver with a fatled CSM PNGCS {f the mubsequent alternate mis-
glon is connidered more valuable than remaining in earth orbit,”

Next mmeo (6B=AP-T-57A, 12 Mar,) covers same Rround as 356A with wxome ame
plifications. Ende: '"Obvioualy, we have a tot to do, PBut {f the ground
rules are accepted it Lx mostly a matter of implementing a technique we under-
atand, Believe it or not, ! think we've got thin TLI thing pretty nearly
ilcked, 1 hope so!"

BB-AP=T-39A {13 Mar,) Subject: '"Seventh 'C' Mimsion Rendewvous Mlssion Teche
niques meeting," Devoted mostly to the terminal phase. '"Ae you can see, we
are really getting (nto the fine detatl on the 'C' rendeevous and 1 predict
that {f we spend the next two or three seanionn golng through the miaslon tech-
niques flow charte, we witl be ready to call {n the reast of the world and we
could then Llce thim whole thing down within the next couple of months.,"

H8«PA=T-HF0A (13 Mar,) Subject: "lunar Reentry Miwsion Techniques meetings
March 7." "Generally mpraking, | would way this miawion phane in hetter une
derptood and mores completely developed than any other in the lunar m*aston,”



68-PA-T-62A (13 Mr,) Subject: '"TRW performance evaluation for Tast A-46,

"1 don't know if c_her paople have the name prohlem as I do--maybe Task A-45

is unlque--but so help me God, I ~annot think of ar 'thing productive to write
in those blank spaces on the perinrmance evaluation . . The A-46 Tack calle
for TRW personnel to support our Data Priority Mission Techniques meetings . . .
They're enthusiastic and have plenty of initiative, In short, they're doing

a swell job," High praime of this group, eap. Dick Boudreau,

68-PA-T-61A (13 Mar,) Subject: "Seventh 'D' Mission Rendesvous Miswion Tech-
niques meeting." “The 'D' Rendezvous Mimsion Techniques mesting of March 10
vas probably one of the leant productive po far, and I sincerely apologize for
{t, 1 wmust have been tired or momething, Even ao, with all that talont pre-
sent, there must be something worthwhile reporting, "

6B-PA=T-63A (18 Mar,) Suhject: "Lunar rendezvous sbort rummary." 'One simple,
very nignificant feature of these operations, All lunar rendegvous«-nominal
contingency, abort--are eseantially the mame operation, The only two things
that influence how it will be performed are: (a) the phasing situation at the
start; that is, which vehicle {n ahcad of the other and how far, and (b) which
spacecraft {# to do the various maneuvera.” At end of 4-page memo! "Wella-
that was a lot of reading, 1 hope Lt helped atraighten out for you what lunar
rendezvoun abortm are all about, 1If you mtill don't underatand it's not becaune
{t's complicated, but rather because I didn't explain it well enough. So give
me 4 call, Or the people who are reslly doing the work,"

28-PA-7-69A (27 Mar.,)} Subject: "Efghth end Ninth 'C' Miasion Rendezvous Mip-
sion Techniques meeting~." Monmtly a discussion of onboard rendervous naviga.
tlon with the mextant, '"This was brought about by the rather bad experience
suffered by the 101 [light crew and & number of the flight centrollers on the
Kennedy Space Center misslon almulator earlier {n the week," T, explainm the
trouble with the sextant at KSC in the next few sentences, then says, 'After
years of bad-mouthing the mextant, [ find it difficult to suddenly start de-
fending {t, But an awful lot of analysis and simulation haa been done showing
the system to have some usefulness," Re MAC/FCSD (7): "What & pgreat outfit
those guys are."

68-PA-T-71A (4 Apr.) Subject: '"Misrion Techniques for the IM tunar stay o/
no go," "1 think we have finally pinned down how to handle the go/no go de-
cinion to be made immediately after IM landing on the lunar surface,”" IM nys-
tems people aay it should he powsible to give a go/no go within 2 minutes for
all systems except the APS propeilant aystem which will take 10 minutea; actu-
ally therefore there will be 2 go/ no go's. T, outlines procedure for making
decision whether to atay or abort,

©8-PA-T-7% (10 Apr,) Subject: "'Any time' IM life off La an unnecessary con-
stralat," "I would like to mee the Apollo work proceed #n we have laid out, un-
t11 someone whows ua what in wrong with {t and would appreclate you letting me
know {f you don't think this is & reasonable way to go, Let's wimplify the min-
nion and put the burden on the 'any time'" i1ife off people, whoever they are, to
explaln why we need it," (at bottom of memo: 'No argument.' CCK)



68-PA-T-83A (17 Apr.) Subject: '"Status evaluation meeting - '"C" Miassion Ren-
dezvous."” Mentions some problema in Sundisk computer program, Alos, "It has
become evident that the operaticnal people, Crew and Flight Contral, do not une
derstand very well how the sextant rendervous navigation works and how well, '
(Quite a change {rom T's original impression of the mextant--pee L7-FM1-12, 2%
Jan, 1967 entitled: ''Why does the AAP command module need a sextant?")

58-PA-T-101A (14 May) Subject: "Aborts from povered descent on the lunar lande
{ng misslon," Day-long meeting on 8 May to discuss this subject, Begins by
discussing several masumptions on wn.ch t'.e abort procedure is based; T. indi-
cates that he expecte aome of the aspumptions to be challenged:; "1'11 bet I
hear something about this!' and "Somecne's not going to like this either."
Memo Jdiscumxes the abort procedure, which "is really very simple, at least {f
the above assumptiona hold up. So simple, in fact, that I'm sure you'll won-
L1

der how we spcnt the day,

68-PA-T-106A (24 May) Subject: '"Spacecrafl comp- tet program ncewslettor,”
Dincunned "apparent defliciency (n Sundance," Alwo, "Our requirements fur
getting rendezvous radar (RR) data on the downlink while the LM 1s on the
lunar surface was digcussed again, and [ am afrald [ realiy blew tc, MIT has
reniated the program change we requented and I am beginning to think they may
very welt be right., _T. outlines posnible simple change: says at end "1 would
be surprimed if ft /the change/ Is not acceptable to MSC even if it is not
perfects~whatei,er perfect inm,"

68-PA=T-108A (29 May) Subject: "Spacecraft computer program--things dealing
with lunar deacent and aborts {rom {t.'" "Intereeting morning at MIT.,"

6£8-PA-T-110A (29 May) Subject: 'Progress Report on Mission Techniques,"

"The minalon phane giving me the preatcst concern right now i{s the rendez-
vous on th~ "D" missfon, , . The alip In the documentation since my March

| estimata {n mhown by the distance betwcen opan and solid aymbols fon the
attached chart/, [t looka awful and {f I thought it was typical of the fu-
ture 1'd stoot mymell right now. . . . The 'D' rendezvous really turned into

a rather messy problem, When It_comes to d.'elopment of mission techniques,
tt is unqueistionably the worae 15137 misnion phase to define in the entire
Apollo program: {a) It {w the mort complex mission phase in any of the Apollo
flights, (b) There are more gulduuce syrtems fnvolved, none of which are realty
quatifled before the flight, (c) It {s potentially the moat hazardous of any
activity ever undertaken {n the manned apace program p to that point, I mighte
alno add that everyone hae thelr own different opinion on how {t should be done,
meking it that much more difficult,”

6B PA-T-114A (3 June) Bubject: '"Lunar Rendepvous Mipsion Techni ‘uea,” "On
May 28 we finally kicked off the Lunar Rendesvour Mission Technlques busin «s,
Necaune of the imminence of minsiona 'D' and 'R', we started on those firat
nome months ago, Now I wish we hadn't because they are so darnced complicated,
I have a feeliny the lunar rendezvous can be finished up quicker than they can
and, of course, some of the things we are planning to do in the lunar operation
shioutd influence how to go on the development flights,"
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68-PA-T-124A (12 June) Subject: 'D' mission launch window is nice." Launch
window is about two and three-quarters houre long, opening at 10 am EST, "t
checked with the missfon plan guys and they know of no other activities more
conatrainint than the rendezvous on the launch window. FPurthermore, they
never heard of any five minute window, That must be a Washington rumor,"

68-PA-T-130A (18 lune) Subject: '"Can snme pre-DOI activity ba moved to pre-
LOI?"" "Aa you are nn doubt aware, the crew timeline just prior to Descent
Orbit Insertion (DOI) (s terrible, Thiws period of activity has grown almoat

to the point of being vnacceptable, Thism Ls due to the extensive IM checkout-«
particularly that requiring telemettry coverage--which unfortunately conflicts
with other activities asuch an making landing site obeervations,"

68-PA-T-182A (1 Aug ) Subject: "North Americsan Rockwell (NR) participation

in Mimsion Techuiques Activity,” This memo really blasts NR! "This note {s

to let you know that NR particination in the Miwsion Techniques activity im

almost negligible, (Except reentry - Bobby Johnson's tesam working on the EMS

is outstanding.) . . . I'm not referring to /the small internal meeting!? but
ratner to the much less frequent big meeting., well attended by MIT and (recently)
by GAEC, Frankly, 1 don't see how they /NR/ could posaibly know what's going on!"

AR-PA-T-183A (1 Aug.) Subject: "IM rendezvoun radar s essential,” A rather
unselievable propoaal has been bouncing around lately, Because {t i{s serious-

ly ascribed to a high ranking offtcial, MSC and GAEC are both un the verge of
Iinttiating activitien--feasibility studles, procedures development, etc.--in
accord with {t, Siace effort 1ike that {s st a premium, I thoupht I'd write this
note in hopes you could proclaim {t to be a false alarm or {f not, to make it
one, The matter to which I refer is the posmibitity of deleting the rendervous
radar from the IM,"

68-PA-T-206A (25 Sept,) Subject: "C' Communication Loxs," "A lot of work is
soing into the subject contingency - with respect to: (3 tiems) ., ., . all of
which are solely for that fallure., I won't comment on whether or not it's
worthwhile, 1It's too emotional an {ssue to even coneider eliminating it, re-
gardlees of how you feel, Therefore, by definition {t's necessary to prepare
for it, This memo i{m to report current status of thias effort,"

68-PA-T-20BA (26 Sept.,) Subject: "Unumsual procedure required for LM Ascent
from the moon," '"Jack Craven rurprimed us with a 1ittle !owel the other day
during the Luncr Surface Misslon Techriiques meeting, He says that in order to
enable the APS engine-on and staging commands from the LGC, it is necessary for
the crew to depress (now get this) the Abort-Stage button! That is, depresaing
this button must be part of the standard countdown procedure to IM 1iftoff. "

68=PA-T-212A (2 Oct,) Subject: 'Maybe lunar landing eite observations are

not needed to land, '"For some reagpon only knowto my subconacious, 1 had al.
waya annsmed the CSM acanning telencope ohaervations of the lunar landing

nite landmarks prior to IM deacent wrre ensentfal, As a result of your prob.
ing and aimilar commentn by Jack Schmitt, I finally realired it vas only an as-
rumpt fon and, much to my embarramsment, find that they are possibly not mandat-
ory, . , Thim note Lls Just to tell you we have our heads out of this sand pile
in care you were concerned.”
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68-PA-T-257A (25 Nov,) Subject: 1M DPS low level light fixing., "I think this
will amuse you. 1It's sometning that came up tha other day during s Descent
Abort Mission Techniques maeting.” The light indicating that there is about 2
minutes worth of propellant remaining in the DPS tanks during the lunar landing
is attached to the master alarm. "In other words, just at the most critical
time {n the most critical operation of a perfectly nominal! lunar landing nission,
the master alarm with all ics lights, bells, and whisties will go off, Thia
sounds right lousy to me, In fact, Pete Conrad talls me he labeled it complete-
ly unacceptable four or five years ago, but he was probably just an Ensign at
the -ime and apparently no one paid any attention, If this {s not fixed, I pre-
dict the firat words utterad by the first astronaut to lend on the moon will be
"Gea whiz, that master alarm certainly startled me,"
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UNITED STATES COVERNMENT

Memorandum

TO { PD/Chairman, Dmta Requirements Control Panel pate: JUN 281968

68-PA-T-143A
mox : PA/Chief, Apollo Data Priority Coordination

sumjrer: firlative orientation of the JM and CMM navigation bamnn

Unlern noms unexpacted probleam artiees, it {r currently planned to
align the LM platform on the "D" mimsion for the docked DPS burns
without AQT star obnervationa., The primiry renson for this in to
rave LM RCO fuel, although tt {n antlcipated thet overnll crew
proerduren may alno be nimplified, The propaned technidque f{nvolven
takinge ndvantaga of the known relative orirntation of the CIM and
IM navipnlion banrn, The procses involyen rending oul gimbal anplen
from the commnnd module AN anl performing n simple mathelatical
trnnnformation = (n:luding the docking index reading - to determine
dealred IM PONCO pimbal anglen for DOKY Input. A plece of informn-
tion norrly needed to evnlunte the quality of thin procsdure iz n
knowledge of the ncruracy to wilch we know the relative orientntion
ol' thr two navigation baren, porticularly if nothing npecinl in
done to determine tiene vnluer, TIn other words, nr the 1paceernft
in conntructed, how nccurntely are the navigntion dbanes Jocated to
the principal axes nf the spacecceraft, It in nnticipated that fairly
larpe nttitude errors can be tolerated during the docked DPJ burnn,
miking 1t pornible ‘0 ncrept minalipnment of two or throo depgrecn,

T nm neauming that 't {s Trom your panel thnt thin type (nformmtion
rhould be obtnined, If thin in not correct, would you pleane let me
know ns goon rc ponnlitie,

.r—f‘

Hownrd W. Tindnll, Jr V

el
™M1 /3. €, Melhercon
reo/ite D, Rend

C. N, Pnrker
H/R. L. Pohweleknr!,

PAIWT!Indnll, Jr.tin
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UNITED STATES GOVERNMENT
Memorandum

To  : FML3/Chief, Missién Planning Support Office DATE: JUN 2 8 196y

68-PA-T-1h2A

rRomM : PA/Chief, Apollo Data Priority Coordination

uBjrer: Need to know nmome transenrth midcouree correction (MCC) [&V costs

I think we have pretty well estnblished the transearth MCC maneuver
philosophy now., As you krow, it {nvolves making small corridor
correction maneuvers as thelr need becomes apparent. Nominally
they wlll be made wi*h the RCS propulslon syatrm utilizing the 5CS

control system, Very large attlitulc errors miy be tolerated during
the burn.

It 15 neceooary to entablish the threrhold [&V value below which it 1=
hetter not to make a maneuver but rather to wait for the next oppurtu-
nity come elght to twelve hours later. The threshold, of course, ! pends
on the MOFN uncertainty as a fun~t!ion of time and the translation Av
zost to achleve a particular objective as a function of time. These
relations are already fairly well known, but that is not the total cont,
I would appreciate iz if you would initiate a task assignment - probably
: to the Guldance and ]erformance Branch - to define the non-translation

1 RC5 propellant costs associnted with making a meneuver of the type

- notrd nbove., Thene “ould involve, among other thinga, the propellary
requlred to coarne aiign the 6C5 and to ¢rient the spacecrnft to bhurn
attitule, T recentl - anked Chnrley Parker (FDB) to estahliry conrse

8C5 nlignment procedures and I would supgest that whoeve, 1is given

this task coordinate with him,

>

Hownrd We Tindﬂll, .TI‘.

cCy
FC5/C. B. Parker
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PA:HWTindnll, Jr,:3n
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UNITED STATES GOVERNMIENT

PA/Chief, Ayollo Data Priority Coordimation - = .

DAP mass properties initializstion end update requiremene

This memorandum is to bring to your attention the recomm .ndation

"of the Cujdance and Control Divislon regarding DAP mass “roperties
initinlization and update requirements which are laid ous in the <
attsched memorandum.

Thay should he incorporated ia ocur Mission Techniques products,
unless you find somcthing vrong with them, in which case ve should
probably contact Ken Cox and/or other responsible Ouidance and

ContTol Division personnel.
%K/’/ ’

Howard W, Tindall, Jr.

Enclosure T
Ad lressees;

FC%/C. R, Parker s - j

TR4/R., J. Boudreau : SN
ces
BG23/K. Jo COx E

PA:HWTindall, Jr.{}c SR o -

Buy U.S, Savings Bonds Rogularly on the Payrell Savings P an |
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RhiE G b8 written to nThIENS rcmdntim rw L.::plh
o mizzlun raits fOr wpdating 12+ A>ullo DAP dath load mass Lrojurtics -
nadl u:q:...u trims, Both tne Flight Cowtrol Divisicn snd ¥izeht Cruw
Sappot wivision huve rocer.uy requeated information m th.s gan-
Optl arci, .
aivsures Loand P lint TAP mesc poperties updnte and init.inllznt.im
Do i e, Anfl inuicute opneratiuvnul procedurvs for implimontation el T
.:' et poquirements, The JA? updnte requirementd, sveasended In. I
SLORGET .y AT diviucu into tut two eatupurice of Mtandutory" und - :
T Mamisesecte” Uhane venulrenchts are wpplicable to ths SUNDISK,
Maifiiibany it DULGACE/LGMTNARY UWAR's, and to oil docked sma umdoesed -
. [ gad Uil menieie euntigurationa, The DAP indtinllishivics requirts ,""‘j,""*
et reegnences lnenelosure 2, ure intended to be genavul anowsh -
ool o telln Ling Apodlo Rissions, yet .pcc;ﬁc cnw,h to haw

L X3 A v- ut Yor uny given mlcsion, , Lk ¢
WAL I ra.;u' for inbud wlizing mna updating tho DAI' datn \.oudn Wizl - T <
yupy fmn nesslon to mizsion, ond the snclosod data load requirements - - - u

nry aritlin witn that fuect in mind. The enelosud requiremants ara
precegtnaea ns Mrates of thard” to be updntod. as ud.aiticml shalysis - .
- 44 flirL test dats becanes a.vallu.ble. PR
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©' ' DAP Yuug Propertiec Initiaiiastion Requirements

o

A Dhta Loud » Pud load &g, Spy (piteh and yaw Srim angles) -
Tas oo @ (:m * I“) 2, and for the CAN configuration
(ﬂ unﬂx of oot attrs) via Routine 3. Ordinurily, the 7 = -
initiul set of trim wngles used in eisher the COM or the L
noM/TY, eonfigurntion will be set Su the expectud oonter ot R e
SAPAViS Bt Vhu ustart of the Ciret durn In shat coaligwsrutluti,

e Cutduht e Lha DAD dnertie lowdu, It ania Ipy, purmit tiv
cevhabeat (03 efrieiency when they corrssdond SO She attutd
5IM Wt lgnte,  Thugt purasutars Bay, howoves, bu sud prlog de - -
Mirns (tee pliot convenionce) tu torraspuna to L sincle
vehlule wuight which does not serioualy comprariigt NOQ afs’
Cleieney peovided such n weight exfuts or a gion hddusdon,
he velued of the veniele lnvrtius notad are - uckud by thu
DUNICK Progrom during o DAP=controllea 0P8 bww, bus aru b
wob tutatacd by the program at the end of the Lurn.  However, . . .
4 pueohd 80t uf inertis vulues, iRput prior 0 whe WO b, oo
will bt petuined, Throwgh this speoinl fuaturw OF BUNDISK,
cndeolsburn Snurtiac cnh be unticipated for postsburn DAY
vperation, :

e whluac uf' the CPS trlm ongles, SegundSey , are ulav e
senrikun BY e BUNDISK Progrom during & DAP burns  Thuy are, -
moeLover, futnined by the program at the end of She burn, -
"nte trim valuen will be un, or ¢luse $0; the &4, nd
shoult nuranlly be Saken na the trim setting fer the hext OPd;
vaet, 11 tho vehicle confisurution is not ehang. s B

A, mGa Tond = Pud load thu 3PS trim anglas,  SUQRYY S v T
oM el VBN wnlghtu® via houtine 3. ‘The iajtial trim angiee .
e bt Por boe CEM ounflpusation 'in onae of hoout nbost, 7
upinnAiiyy the indtind telm ungles unuad in elthur L (0K &2
Lae GPRJI runfigurntion nre aut to Lue oxpecterd tuntur of £oos
travity e the aturt ol the fires burn In thut eonl'lgusnt v,

e Cramiiont o TLGAD masn phensietosy, Iegs Tavh I_Wf'ﬂl*,_i,hﬂ
v dalepmine | wabh i the computer, from vendele rwntigupitiod -
ikt St A Theco paracatbord and thu A0 il aplos ael
C O hesnRen Wy Gha QUIANSLS Progenm duwraing O DU VO burneg o
Ldnruavif, Wany nfy febained at the g of the dum 'ud uee

o culalyannb BAPD RCG o TVL upuration where e vhivie vone.
. T Pugeent A L0 not duahgud,  ALaoy She udbponil b Mg Wik Bhe s

T R

. ‘__‘.S’H~

e S LTV CRE RS



1.

finns telm anglew fronm She DAP for manuud inisteliwition of

2 uubaequent 200 TVC dburn,  liowever, following an 808 VO
Lurn, the RCS DAP must de reintumlod with new veights
the TVC DAP with both new wveights and new trim angles, h‘
DAP operation is to bde resumed,

OUNDANCE/ LUMINARY

A

He

hath lond » Pud lond the DPS piteh and roll trim angles, the

_IM nnd BCM woighta®, by means of Routine 3, The NPO teim

ntitlea apn sot by Routine 3 after tne oporation of Rousine 3
g buet culibrated uguinet telematry readetuts of the COA
tennaducera,  Ordirarily, the DPR trim angles wild ba aut
initinlly to the centoer of gravity of the vehicio ¢ont'igue
rntion for which the first DPS burm 48 antioipaved in a given
mizgian,

Corznnt = Ineflight checkout of the DPS giabal drive aotu-

ntora will arive the DPS away from any previcusly set poution,

w.7., 4 padeget firat-burn trim posision., JFollewing 8DA
crucikout, the DPE ig returned to ita initial trin position or
get to gome new pocition by means of Rouine 3, This position
cun be chetked by ground-dased telemetry pirior .0 durn, if

the vehicle is within MSFX line of sight prior .0 tha firet
D23 burn, In such caae, the telemetry monitor will know the
positicn of vhe DPS with respect to the vehicle center of
pravity butter thun the flight erew will know 1%, bucause (1)
the GDA trunsducer cutputs (which define the DPS ponttlm with
rreopriet tL Lhe LM Xeaxis) aroc observable by thu tolmtry
mruniber, whnreaa thuy are not displayed to the crew, (") the

mnas nigthucy of the velilcle configuration is more closuly ace
counted ahu tabulated on the ground than onboard. _

the DAR mags nurometers, Iyy, lyy, Iyz, and Iy e dntommmi
4ithin thu cumputer from vohicle confipuration \elsht inputs.
"hown puraneters are tracked by the SUNDANCE/LAIINARY DAD
wurinsg o DG or APS firings During a DP3 fipins, the DIC
el antior ore ulso tracked by the progeam, But, inuomuch ua

LAvue gl n are attalned by o slow opoed gimbul Arive dystem,
< Lhure Lo L Lol agedrunce that the DPO gimbal or gles -oxlsting

Wy Bho ung of u DPS firing are on, or 6lose o, the vehicle

Cdatts The  atter is vapecialldy true if paneiver, wome pude

prive to ot offy  Thus, the final DPS position following a
apn winadit not Aeeassurily be Suken as trim pot tiu fop the
HOAL 0 t.:.m. {Cooa DI trim nt the initinltie tlon of u _
% bue 1. oot ordianelly eritical lnaanuch ac the enging is -
Pimed Wb Low Lhruat before the theuttdae $o tedvn wewd, M.l.w.ln;,
e oP Lo DX O Le Ariven Anto of near Leik.)

H .
| - - %
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-, UNITED STATES GQVERNMENT
emorandum

t See lat below . -

oarny JUN 251868

6B<PA-T-1304 ar

L

"t $/Chisf, Apollo Data Priority Coord’nation -

. sumprer: "C" Rundasvous WeMatrix

This memorandum iu t0 {nform everyone in writsing that MIT has now
arreed with MPAD that [t le arceptuble 0 uae the same values of
the WeMsirix when reinitislizing (after three marks of the last
baten of marks betwaen NSR and IT1) as are used initially, Tet -~ . -
in, 1% 1o not pecessary for the crev to punoh nev values into the
XY « & clumoy procedure everyone vanted to delete if pocsibles *

3 think Paul Pixley ils to be commonded for finally getting MIT's.
sgreement to this arev procedure simplification, )

The sctunl values to te used initially = that {a, the preslaunch - o
erasable Joead values - have not been finally agreed to yet, but .
that will not affect the orew procedures., Today!s best puess is -
1000 feet and 1 fps, s :

It 1o recommended that tne flipht crow and thoce responsibie for
davurenting erev procedures, etc. adopt this mission techn.ques
imnedintelys I have already told most of thosa conderned 1y the

lovard We Tindall,Jrs - -

-

Aldronpenst :
(Jee List attachtied)

J.’A:H"H'lndall, Jret)s

Buy U.S. Suv.ugr Bonds Regularly on the Puyroll Savings P, 1.1
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Memorandum

Hee liot belov | pata: JUN 2 51968 ™

. 68-PA-T=13TA
PA/Chief, Apollo Data Priority Coordination

"D" Rendeavous Mission Techniques Ground Rules, Working Agreements,
and other things

On June 1L we oranked up the "D* Rendesvous Mlssion Techniques
activities again, It wns a grueling profitable day, In fact, we
had such a good time we've scheduled another one sor July 12,

Prior to the meeting I distriduted » 11st of working agreements I
thought ve had reached previcusly. The orew presentesd another et
dealing primarily with the docked LM activation/mini-football period
based on & lot of planning and aimulations they have been doing lately.
The major part of the meeting was spent going through these lists, I
have since compiled a new set derived from those « including the
changes, agreements, and comments the discussion brought about. This
list is attached and wa can review it July 12, ‘'The lant section lists
some major discussion iteme mtil) open. A 1ist of action items is also
attached since they heln to paint the picture of our current rtatug,
which I would describe as being typically frantia,

—

%GJJQD\(\MM
Howard W. Tindall, Jr.

Enclosures 3

Addresgees:
(5ee 1ist attached)

PAHWTindall, Jr.1)s

P

Buy U.S. Savingt Bonds Retulurly om the Paveall Coviee. By .
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June 18, 1968

"D" MISSION RENDEZVOUS OROUND RULES WORKING AGREEMANTS -3
AND THINGE LIXE THAT

l. Ceneral

~ n. The reference trajectory is that provided by MPAD dated June T

1968, '
b, Nomenclaturs for the bdurn seguence following undoeking 103

(1) RCS Separation
(2) Phastng

. {3) 1imnertlon

~ (4} TPI, - If alort from football .
(5) osI,
(6) con
(7) TPI, - If sbort from lst bubble
(8) cs1

2
(9) com,
(10) TPI,
(11) TPF

¢. The rendezvoun will be run throughout with the vehicle roll anglen W
0%, The only exception' to this is the RCS Separmtion burn where the CSM roll
tr 1%°%, A 10° roll will be performed by the COM Immediately prior to or
during the IMU alipnment followinr the RCO Separation burn, (1.c., TPT I'rom
nhove will be inidiated "hendn down' and TPI from Lelow will be inttioted
"hewln up" for either vehlele,)

ds LM nnd CIM ntnte vectors time tagred 12 minuted befora RCO Bepnratlon -
nre uplinked to the CMC and LGC prior to undocking. B8tate wctors are not
cent tu either vehlcle ngain until immedintely after TPII, wien the rendezvoun
mivipation problem in reinitinllized, At that time, state ve tore are oent

for both npaecernft and to hoth computers. IMJ nlipnments w .11 alpo be mide

. ni Lhenn poinls In the cxercise aml take precedence over the stale vector

Buelomgee




upiates if Limsline conflicts develop, ’

#e  On Wnth npaescernft all rendesvoun navipation will be carried out to i
upeinte Wb LA state wnetor. That do, the LM radar date would be used to |
uprinte: the IM ctate voctor in the LOC nnd the CSN sextant data would be used
to update the LM state vector in the CMC.

f. The CMC's LM state vector will be updated after euch LM mneuver
with the R-32 Tlrget.Av routine using the preburn values as dotermined in
tha IM'n pre-thrust program, _ 7

g. The AGS should be maintained in that state which makecs it most une=
ful to perform the rendervous in the event of PONCS failure. If, after having
established the preferred techniques in sccordance with that ground Tule,
it is possidble to include some ACS systems tests without Jeopardiring crew
safety or other mission objectives, they would be considered,

h. The state vectora in the AGS will be uplated each tim: FONCS i»s
confirm:d to be acceptadble, This will 1likely be at cach time it is
committ:d to make the next maneuver using the PONCS except pechopn TPI.‘

1. AUC alignments will be made each time the FONCS ic renlipgned and
ench time the ctnte vector in the AGS is updated from the PGNCS.

Jo If FONC3, RR, or GAN fmils, the rendervous is tcrminnted at the noxt
TI'T opportunity,

ke The AGE Ln not mandatory for the rendezvous oxercise. That is, if it

falls prior to or during this mission phase; the exercise shell continue.

-

£: Prior to Undookir_xa
n. The crev will cynchronize the CMC elock as precisely as posaidle

utiliv.np Information voiced from the proumd, The erow will provide inftinl

rynehronivntion of the IGC to the CMC clock, ‘The pround will, provide the

neeenanry tnlformation by volea for fine nynchronization of the LGC rlock,




Thiz .;-.uparcmluc the mission rule which specifies niynchroniuﬂon of l
himeanonlt nlock only whanaver it disagrsesc with the ground reference by more
Lhin G5 nenupin, .

b. The IM Rendesvous REFSMMAT 1is that of & "nominal" alignment for
T (align) = TIG (TPI,). It will be uplinked from the ground.

Ce 'rho CEM Rendezvous REFSMMAT {s dafined dy a stable member orientation

wheres

Xcsy=2ZiIN
¥oem = Yiu
Z CSM « X INM

d. Prior to undocking,the CSM will meneuver the docked vehicles to
nn inortial attitude such that with no further attitude maneuvering the
CCM will be oriented approximately 180, 0, O (roll, pitch, yaw) with respeet
to the local vertical frame at the time of the RCS Seraration. 'The difference
between the exact local vertical attitude and 180, O, 0 is duc to the regrossion
of the line of modes from TIC (RCS Beparation) to TIG (ma), and the faot
that th? CSM REPSMMAT is nominal at TPIa.

e. Prior to undoeking, dut following the CBM attitu&e maneuver to RCH
Lepnration attitude, the LM IMJ will be aligned to the CM IMU uclng the docked
nlirnment procodure which tnkes advantage of a known CSM inertial attitude and
Priown COM/LM reometry (with account of the docking ring anple Af being tnken)
Lo conrie alirn tho LM I to the inertial frame., The COM anl LM glnbal anpglea
nre then compared dircetly (via VI6N20) and coarse align and nttitude dead

banding errvorc are removed by direct torquing of the LM IMJ gyros via the fine

nlign routine (Vhi),




B

Ts

Th: formula used for docked alipnment with identical REFOMMATS {o:

rmm + () .AﬁF) - omcu
I'Mu‘ Imm + 170

Wik = WAy,

whereAg is the docking ring angle,

¢. The formila used for docked alignment where the stable members are

griented;

is:

Lo = “Tou

T = Yo

T ™ Rox

OaAyy = (300 -Ag) - oar,
104, = IGA,, + 90

My = MR = 0

This is a cpecial formila only valid where the CM MOA = 0, This set of

equations will be used for the 1M alignment prior to undockin:,

3. Undocking, station keeping and IM inspection

8.  Undocking will teke plmce 15 minutes Prior to the RCS Separation burn

with the CSM oriented to the inertial att{tude for that burn. Averape ¢ will

not be on in either vehicle during the undocking or station keeping phase,

This will preserve the relative state vectors until average G omes on in the

CEM 30 ceconds prior to RCS Separation.

b, Tollowing undocking, the CBM will maintain attitude ard will be

renponcihle for ntation keeping, The IM will yavw ripht 100° exd piteh up

0" plnclng the two apnceernft "nose-to-nose.” (crewmen "nose +to-noge")



. The LM will yaw through 360° (w1%/sec) permitting the CEN to conduct
a visual inapection of the landing gear and LM structure,

.4+ After completion of 3¢, the 1M assumesthe station keeping task while
t.he CSM prepares for RCS separstion,

4. RCS Separation and Mini-football

a. The configuration of the spacecraft at the RCB Separstion burn will
be LM lending the CSM, both heads down facing each other with zero .relntive
velocity, (Orbit rate FDAI's - LM: O, 180, O - C8M: 180, 0, 0). (FDAI
total attitude is read in the order roll, piteh, yaw; IMU gimbal angles arc
read in the order outer, inner, middle),

b. The C8M will execute a 1 FFS radial inward burn for the RCS
Srpuration burn; l.e., the CSM will burn 1 FPS -Z (body). This burn wlil
employ the P-30, P-ll nequonce. IM unes R-32 to update CSM state vector n
the LGC.

¢. On entering darkhees after the RCS Separation both spacecraft wiil
perform REFSMMAT IMJ alignmente,

d. The LM COAS will be calibrated during the mini-football end will not
be moved apain after that,

e Phaning Maneuver

n. Ihaclnp tarpeting is established pre-flipght,

b. 'The phasing burr will be executed under AGS control » ith FONCS
monitoring. The throttls will be set at 10% for 15 seconds at which time 1t
will b advanced cricply to approximately h0% and left there t1l autd-cutoff. The
FCNCS recldual veloefties will be burned to zero by uce of programs 30 and ko.




¢s Thn horizon is used es a burn attitude chack prior to the phasing

barn whemn AL Lo undar eontrol.  The ground supplics the LPD pitch angle for

Lhin tthenp .

v TPlg

n. 1f FONCG, rondezvous radar, or CS8M O&N rails prior to incertion but
nfter phaning, TPIO ir porformed, As a standard oparating procedure during
the football rundezvous, L.a IM and CS8M should both be tarpetod and prepared
tu exccute the TPI 1f .n abort is necessary, If the failurc is LM PFGNCG, AGD
is uned for ~roeuting TPI, A 130° transfer angle shall be ured for mboerts
from the footbell rendezvous. (3ee action item 5)

T. Intertion Manwuver

Preflipght targeting will not be used for this maneuver, The ground
procedures for detarmining the insertion maneuver are an follows: The mee/
RICC will utillze the two-impulse logic (NCC/RBR combination) to achieve
ihe proper differentinl altitude., Tne computed value of the NCC mneuver
will be used no the incertien mancuver, The NSR will be forced 1o occur
-+ at apopec even if ntation coveragé yill not be availnble there for thin

(CDIIl) m™neuyer,
} re
b CALy ,, amd CDY

ne Ao n nominal precedure, the command module will be trpeted with
"mirror imen" mneuvars to be exccuted with a one minute time delay in Lhe

avent the IM in unable to maneuver, Some binsen will bo addid (fee motion

ltom N, h )

|
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he 1n the event the LM has perrormed_ran \Uape maneuver prior to n

mln/c;hulm Mmilure, tho LN ¥il\ remove that Av to minlaln correet tnrpeling
ol the COM mirror image burn,

e. 1M FoncS AV solutions will be compared with the ground, 1If the
nolutlonn apree, the PONCE solution will be turned, There will not be
eompnrinona with AGS, charts, or COM.

4. 1In thn event the ground solution in to be used, it will be executed
ualng <2 AUS which has heen targeted with the MOFN nolution s a atandurd
procedure, The extnrnnl.Av mode is uned,

e, No radar data shnll be input int':n*uhe AGS prior to CSI and CDH.

f. There will not bo any backup charts ured for CBII'E- The IM shall
have baciup charts for ODH and TFI. The commnd module pilot will be unnble to
compute onboard chart so’utions for TPI due to the press of other activity

nnd Bo they will not he svailable as a data mource,

2 ‘I’PI” 1,0

n. TIf the IM PONCS is vorking but rendezvous radar has failed, no
externnl data will be input to the spacecraft syntomne==«=FGNCG, AGH or
chartn, 1In Lhis cape, the command module executes the TP and subsequent
mideourse torrection maneuvers and the 1M does the braking manouver if
v!niblltty permitn, However, the commnd module, of course, muat compare
ftn TIT Anlut'on with the MIFN and that comprison must de favorable, (10
nol, wee 10b)  The commn  module would voice relay to the LM 1he maneuvers
(0 e o eontod tn omler kb the TM erew could updnie the comnnd mninle ptate
yrotor T Whe 100w e D taread AV ProgFnm, .

»
h]
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b. If the LM FONCS has failed but the RR is vorking, compars the onboard
chart solution for TPI with the MBFN. If the corparison is favorudle, execute
the chart solution and, if not, use the MEFN AV¥'s ryscuted ab a time determined

onboard the spacecraft. The meneuver would be mnde using the A0S external Av
mode,

10. For Discussion

LT

“ The
If LM PONCE/MBFR comparison shows disagrnomeni, shall a IN chart/

MSFN comparison de made and used if favorable or shall the ground solution
be durned regardless of the chart solutiona?t
§ b. If both RR and C3M GAN have failed, =hall the !M perform TPI ueing
] chart sclution or vhatt
. ¢ G&CD has recommended in their memo, B021eM-59-68.376, that the AGS
be used In the following mnner on the "D" Rendezvous:

(1) Align and initislire the AOB to the PUNCS after nch PONCE

R T e BT pesemesmea g s

alignment,

(2) Perform AGB targeting for all reai .nd paeudo-burne using tae
onboard solutlon. Fxccute the dburne with PONCSH, uniess PONCR han fnlled.

{2) Perform an accelerometer calibraticn before each veal and poudo.
burn,

(4) Parform gyro calibrations in sufficient mimber (at 1rnat four
times over a twoshour pericd) to verify the techrique,

(5) Parform at least one AOT or COAS nlipnment af th AGS, preferably

AOT,




(6) Update the AGG with the RR near the second TPI burn,

{7) In the avent of a PONCE failure during the megond rendezvoun
pequrnce, compare the ADS solutions with elther charts or MOFN amd oxecute
the durns with the AQS if there 1s reasonable agresment, The AGE should be
updated with the RR,

1, Review procodure and axpected accurncy of the inftlal TM platloem
drif't tast made while docked to the CSM.

#. Review Misaion Control Center/crew pod menenge formita.




: June 111, 19

. "D" RENDEZVOUS MISSION TECHNIGUNS
ACTION ITEM L1ST

(To be discussed at next mruting)

1. FCSD and MPAD will provide for reviev an up-to=date rendervoun navipation

tracking schedule for both the LM and CEM.

@+ MPAD to present the pre.rendesvous maneuver ground rules and techniques o

provide adequate lighting conditions and station coverape,

3+ MPAD to report on analysia regarding medificrtion of t'e R Separntion

burns to reduce protability of recontact due to ami'i mneuyver rxecutinng

dispersions,

L. MPAD to report on which mirror lmige maneuvere need be binsed nn woll

16 conequence of not delig so,

2+ Crev wlll report resulta of simulator exercise reparding use of unetaped
.LM in temiiml phase rendesvous, |

i« FCD to report on techniquen for checkiag the rendezvour rolar during

the mini-footbnll and the football phase for purpose of g3/no go.

Tv MPAD to report conreauencen of uning the MOFN uplinked MNCS Col/chH

tarpeting In the AGS For man-uver axccutton in the event of MONED fnilure,

That Ir, nre the errors thus {ncurred ncceptatley

8. TFCSD will deftne Limise of aneceptuble IPI Lime slippag: Leyord wh ol

correctlve sction munt be t.a.ken. Apparently, they will be bared on CIM

active rendervous lighting constraints,

9. MPAD t¢ establish acceptable difference limits for une in omparison

of onborrd va MSFN rendervous targeilng (CSI, CDH, and TP1),

10, MIT to present recomended procedure for controlliny the ' -mtbrix by

erev [nvut to She 100 amd ONC.

Fn 1npure 3




11. MPAD to report remilts of their asurvey into the onboard computntion
of CDHl nxecution time w'hlch has becn nhowing a tendoncy to be late, If
this peratsts, it will result in TPI time alip, excoss HCB AV coatln, and
dirficulty tn nolution comparison,

17, FCD will rport on ncreptabllity of onboart MINCS accelevometer hing
deturmination while out o MIFN ntatlon covern, e,

13, Rendezvoun mancuver monltoring procedurrn will be reyicwod for bell
oritical and nonecritieal rendezvous phase burns, Attitude, attitwle pate,
and ovnr and under speed limito wlll Le established as well nn the netlono

to be taken if they are exceeded. This, in ef'fect, encompanies the pracadures

to be followed {n the event of a partisl burn,
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NATIONAL AERUNAUTICS AND SPACE ADMINISTRATION
MAMNITT SPACLCRAFT CINTER
ItnestoN, Texas 1700

JUN 28 1968

LR LE 68-PA-'1‘-136A .

THROUGHt NABA Resident Apollo Bpacecraft Program Office
Massachusetts Institute of Tweohnology
Instrumentation Labdoratory
Cambridge, Massachusetts 02139

o) ! Massachusetts Institute of Technology
Instrumentation laboratory
Cambridge, Massachusetts 02139
Attn: D. O. Hoag, Diraector
Apollo Quidance A Navigation Program

FROM t Chief, Apollo Data Priority Coordination

At the Juns 14 "D" Rendezvous Mission Techniques meeting, I
unofficially (I guest) mssigned an metion item to your people
#ho were there, Specifically, weo asked for MIT's recommended
procedure for adjusting the W-matrix during rendezvous navigation
in both the 1.GC and CMC. As & matter of fact, I understand that
your people intend to discuss this with the "D" fiight crew while
they are there the week of June 17, However, 1 would appreciate
it If you could write down the procedure you recommend in one of
your informal MIT menros for discussion and incorporation into the
misaion techniques at our next meeting,

Incidentally, I think there wvms substantial benefit from having
your people at our last meeting and hope they can come dewn for
the next one, which is currently schaduled for July 12,

LN

Howard W, Tindall, Jr,

Fnelonure
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"D" HFNDEZVOUS MISSION TECIINTQUTS
OI'EN 1TIM LIBT

(To be discunncd at nuxt mecting)

CACU hno recommendtcd in their memo, MI21-M-5%9-68.37G, that the AGH
be used in the following mnner on the "D Rendesvoust

&s Align amd initialise tho AQS to the FONCS after each FONCH
alignmont,

Y. Perform AGS targeting for all rcal and peseudo-durne uning the on-
board solution. Execute the burna with IONCH, unless IGONCO has

failed.

2+ Torform an accelerometor calibration defore each real and pocudoe
burn,

4. Perform gyro calibrations in sufficient n (nt leanst four

timrs over a two-hour period) to verify th  .cchnique.

e. Perform at least one AOT or COAR alicmment of the AGH, prefornbly
AOT. .

f. Update the AGS with the RR near the second TIT durn.

g In the cvent of a FONCES failure during the second rendervoun
sequence, compnre the AGE solutionn w.th either chnria or MIFN
ant oxecuts the burns with the AGB {f thore is rearonmable aprecs
ment, The AGS should be updated with the RR,

MPAD to present Lhe pre-rendervous ground rules and techniquen to
provide adequate lighting conditions and station coverapn,

MPAD to report on annlysir regarding modificntion to the RCS Separniton
burns to reduce probnhility of recontact due t6 emmll mancuver exccution
dinpornions. .

MIMD o report on which mirror impe maneuvers need be binned ae well
an contequenen of not doing ro.

Crew will report results of cimulntor exereise regarding ure of unntnped
IM in terminn) phane rendervoun,

" Fneloaure L
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8.

9.

10.

12,

13.

ih.

5.

16,

FCD to report on techniques for checking the rendegvous redar during
the mins-foolball and the footbnll phase for purpose of go/no go.

MIAL Lo report connequences of using the MIFN uplinked PONCS C8I/CDH
tarpeling in the AGH for mncuver excculion in the event of PONCB

" fnilure. That is, are the errors thus incurred acecptablo?

¥COD will define limits of acceptable TPI time olippago beyond

vhich corrective nction mint bo taken, Apparently, they will be
bancd on CSM active rendexvoue lighting constrmints,

MPAD to entablish acceptadble difference limits for use in comparison
of onbonrd va MOFN rendervous targeting (CSI, CDH, and TPI),

MIT to presont recommended procedure for controlling the Wemntrix
by erev input to the LGC and CMC,

MPAD to report results of their survey into the onboard computation
of CDIl execution time which has been showing a terdency to be late.
If this pereints, 1t will result in TPI timo slip, excens RCS AV
contn, and difficulty in solution comparison,

FCD will rcport on acceptiability of onbourd POUNCS acceleromoter hianm
determinatlion while out of MSFN station coverage.

Rendervous mancuver monitoring procedurans will be reviewed for both
eritlcal and non-critical rendezvous phase burns, Attitude, attltude
rate, and over and under speed limits will be establishcd as well anm
the actions to be taken if they are exceeded, This, in effect, encom-
panses the procedurea to be followed in the e¢vent of a pertial durn,

Review procedure and expceted accuracy of the initial IM platform drift
test mnde while docked to the CSM.

}CED and MPAD wiil provide for review an up-to-date rendesvous navigation
trachking schedule for both the LM and CEM.

Review Mincion Control Center/crew pnd mesnage format.
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UNITED STATES GOVERNMENT

Memorandum

See list below pats: JUN 21 1968
) 68-PA-Ta13kA
PA/Chief, Apollo Data Priority Ccordination

Request to check some IMJ alignment equations

The "D" mission flight crew has developed in detail the technique
for aligning the LM platform while docked to the CSM which utilizes
our knowledge of the relative alignment of the Nav beses on the CSM
ard IM, Part of the procedure is to establish the required IM IMJ
#imbal anglea to be input into the LOC based on gimbal angles read.
out of the CMC and the docking index reading, Rusty Bochweickart
derived the following equations for this purpose.

1, The formula used for docked alignment with identical REFSMMATE
ia:

0GA, = (300 -Ad) - oo,

IGA.LM = IMCM + 180

MiAry = Moy,

where Ap is the docking ring angle

2. 'The formula used for docked alignment where the stable members
are oriented:

Tt = Tew
T = Tou
% = Ton

is:
OcA, = (300 -Ad) - oy,
104,y = IGAL, + 90
MOA, = MiA,, = O

Thie im a special case formila only valid where the CM MG = O, This
set of equations will be used for the IM alignment prior 1o undocking.

We would very much appreciate it if you would have someone in your
orznnization check these squations to assure they are corract and to

Buy U.S. Savings Bends Regularly on the Payrell Savings Plan
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report the results of their verification at our next "D" Rendervous Mission
Techniques meeting, currently scheduled for July i2 in Room 378 of Building

Howard W, Tindall, Jr,

Atlllrenoeen:

MIT/IL/Director, Apollo Guldance and Mavigation Program
EG/Chief, Guidance and Control Division

FM:/Chief, Mathematical Physics Branch

o] o34
FC/E. F. Krane
CB/R. L. Bchweickart

PA:HWTindall, Jr.:)s
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UNITED STATES GOVERNMENT

Memorandum

¥NL3/Chief, Mission Planning SBupport Office DATRS JUN 20 1968
68-PA-T-133A

¥A/Chisf, Apulle Data Priority Coordimtion
"n" Rordezvous Missien Techniques Task Assignments for MPAD

Attnched is a liat of action items ansocliated with cur work on

"p" Rerdezvous Mimsaion Techniques., Would you pleane see that all
thene assigned to MPAD are covered by proper Task Ansignments

(I expect that most of them already are), Speelfically, items 2, 3,
k, 7, 9, axd 11 are probably OMAR's joun and ilem 15 4s probably
Mimts, Some of the olhers my alro resefit from MPAD attention.

For exnmple, item 13 my require rop ~erdervour trajectory considerw
ations in eclabliching Lhe Limite, Pienoe look 4t over. Chuck Pace
wan ut our June 30 meeting ard knows all aboul these, Ve'd ltke
rowults for the noxt neeting - July 12 - {f at all pompidble,

Ao TN,

HOV:!N 'f!- Tindﬂll, Jr.
Fneloowure

ce:
FM/J. P. Mayer

C. R, Huno
Fi.3/C, We Free
M1 /3. C. MePhercon
¥M6/E. C. Lineberry

PAHWTindall, Jr.°js

By U.S. Savings Bonds Regularly on the Payroll Savings Plan
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"D" RENDFZVOUS MISSION TECHNIQUES
OFEN IT¥M LIST

{To be discusscd at next meeting)

GA&CD has recommended in their memo, E02)1-M-59-68-376, that the AGS
be used in the following manner on the D" Rendezvous:

a., Align and initialize the AGES to the FURCS after cach FGNCS
alignment,

b. Perform AGS targeting for all real and pseudo=burns using the one
board solution. Execute the burns with FONCS, unlens PGNCS has
failed.

¢. Porform an accelerometer calibdration before each resl and pseudo-
burn.

d. Porform gyro calibmtfons {n sufficient number (at least four
Limos over o two.hour rewrind) to verify the technique,

e, Ferform al leant one AOT o COAS alignment of the AGS, proferably
AOT.

f. Update the AGS with the RR ncar the second TPI burn,

g. In the event of a FGNCS fmilure during the second rendezvous
scqucnce, compare the ACS solutions with either charts or MSFN
and execute the burns with the AGS if there is reasonable apree-
ment. The AGS should be updated with the RR.

.

MPAD to present the pre-rendezvous ground rules and techniquen to
provide adequate lighting conditions and station coverage.

MPAD to report on analysis regarding modification to the RC3 Separation
burns to reduce probability of recontact due to small mancuver execution
disporoions.

MPAD to report on which mirrer imge maneuvers need be dlased as well
as consequence of not doing so.

Crov w11l report resulte of simulator exercisa regarding use of unstnged
IM in terminal phane rendezvous,

Fnelorure L




. 6. FCD to report on technigues for checking the rendervous radar during o
the mini-football and the footbteall phare for purpose of go/no go.

T. MPAD to report consequences of using the MSFN uplinked PGNCS CSI/CDH
targeting in the AGS for maneuver exccution in the event of PGRCS
failure, That is, are the errors thus incurrcd acceptable?

8. FCSD will define limits of acceptable TPI time slippage beyond
vhich corrcctive mction must be taken, Apparently, they will be
bascd on CSM active rendezvous lighting constraints,

§. MPAD to eatablirh acceptable differcnce limits for use in comparieson
of onboard vs MSFN rendezvous targeting (CSI, CDH, and TPI),

10. MIT to precent recommended procedure for controlling the W-matrix
- by erv v input to the LCC and CMC,

11, MPAD to report recults of their survey into the onboard computation
of CD execution time which has deen showing a tendency to be late,
If this persists, it will result in TPI time sliip, excess RCS Av
. costs, and difficulty in solution comparison.

12, FCD will report on mceeplability of onboard FGNCS accelerometer blas
determination while out of MSFN statlion covermge,

13. Remdezvous mncuver monitoring procedures will be revicwed for both
eritical and non-critical rendezvous phase burra, Attitude, attitude
rate, and over and under speed limits will be established as well as
the actions to be taken Iif they are exceeded, This, in effect, encom-
passes the procedures to be followed in the event of a partial burn.

1%. Revicw procedure and exprcted accuracy of the initial IM platform Adrift
test made while docked to Lthe CSM.

15. FCSD and MPAD will provide for review an up-to-date rendezvous navigation
tracking schednle for both the LM and CSM.

16. Revlew Misnion Control Center/erew pad message format,

l | .
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UNITED STATES GOVERNMENT

Memorandum

See 1list below . pate: JUN 2 1 1968
68-PA-T=131A"
PA/Chief, Apollo Data Priority Coordimation

Let's add a plane change into the lunar rendezvous timeline

The June 13 Lunar Rendezvous Mission Techniques meating wvas devoted

to how to handle the plane change. As noted in my last bulletin,

this problem had to be solved before we could do any meaningful

work in the development of lunar rendezvous mission techniques. In

my opinion a pretty good approach has been agreed to, It involves

the addition of a new maneuver in the timeline, specifically, for
tleaning up the out-of.plane situation. Although it is not certain,

I expect thia maneuver, which will occur at a fixed time - 30 minutes
after CD?{ - will be performed by the CSM. It is almost mandatory to
schedule this burn at a fixed time on such a short rendazvous as this
in order to prevent it from interfering with the other maneuvers and
the rendezvous navigetion. Howewsr, ac you know, unless it's controlled
somehov, a plane change (i.e,, the node) might naturslly occur anywhere,
Thererore, several other things also had to be settled to permit this
particular approach. They are:

1. The IM shall burn whatever out-of-plane velocity is known to
exist 33 the CDH time as part of the CDH maneuver, This will force a
node 90 (i.e., about 30 minutes) later, Both the IM and the CSM have
the onboard capability of computing this parameter using Routine 36,
and the CM crew can input 1t into the CDH targeting., (The CSY will use
the same routine to target its plane change 30 mirmtes later,)

2. In order to keep the out-of-plane component of the CDH maneuver
within reasonable limits, it i1s necessary to set up a nominally in-plane
pituation at LM insertion. If this is done, the CDH out~of-plane will
only be due to MSFN Ascent Targeting error and IM PGNCS dispersions
during Ascent. These together are estimated to be no more than 35 fps
which is approximately equal to the in-plane component. This means we
shouldn't have a IM gimbal lock problem there,

2. There are two ways of doing this., Either the CSM mist make a
Plane change pricr to LM Ascent or if the required plane change is less
than 50 fps, we can yaw steer the LM into the CSM plrie duriang Ascent,
That .s, 1f the pre-Ascent plane change reguired is that small, we can

. probably simplify the operation by "dog legging™ the LM Ascent and omit-

ting the pre-Ascent CSM plane change.

Buwy U.S. Savings Bonds Regw/arly on the Payroll Savings Plan
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b, TPI was scheduled to occur 20 minutes before darkness. However, in
order to provide time for this extrs maneuver, FCSD has uwgreed that TP
can be moved later, Their second prefercice is a good one « midpoint of
Aarkness, This gives at least 67 mlinutes between CDM and TPI which makes
the new plane change maneuver it in nicely, The timeline looks like
this now, (All the numbers are minutee.)

S am— = — T :
coH

M Cs1 and e - ™
LX FC

b % i g 1)

Y

5, Note that we have moved C8I from 30 to 35 minutes after insertion
and I've asked Bd Lineberry to sec 1f we can move it even later, The pree
5l timeline in quite erowded and if the LM hag to do an IMJ alignment
after insertion, they will not get much rendervous tracking in.

6. To do the plane change, the CSM (or IM) will have to reorient the
IMI, probably by pulse torgquing, In order to minimire the induced error
which it proportional to the extent of the reorientation we should probably
only move the platform the amount necessary to svoid gimbal lock « say 20
or 30 degrens, Thia wonld mean the crew will not have the FDAI ball at
0,0,0 for the burn,

v I the COM doer the plane change, it may be preferable to omit all
aubprquent rextant tracking and to rely on VIIF ranging cnly. With the new
TPI time, there i3 likely to be nome sun lnterfersnce anyway and it sure
olmplifies the CSM pilot's taek.

At the next meetling we'll pin down which v=hicle chould meke the plane

change, review the rendezvous navigetion tracking schedule for both
yehiclen, and begin to fill {n the details,

e
‘dr\w‘o N %
Howard W. Stadmll, Jr.

Fnelonure
Lint of Atterdeen
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UNITRD STATES GOVERNMENT

Memorandum

FCO/Aeting Chief, Flight Control Division DATRt JUN 1 8 1968

68«PAT=130A
PA/Chier, Apollo Duta Priority Coordination

Con some pre.DOY uetivit'y be moved to pre.lOl?

| ———

An you nre no doubt aware, the crew timeline Just nprior to Descent
orhit Insertion (DOI) is terrible, This period of activity has
grown nlmost to the potnt of being unacceptadle, This is due to
the extennlve IM oheokout = parttcularly that requiring telemetry
covernpe = which unfortunatemly conflicts with other nativities such
as making landing aite observations.

Pete Conrand had a suppestion the other day vhich your people are
probably in the best ponition to evaluate. It wmo his opinion that
n 1nt of the LM checkout could b done prior to Lunar Orbit Insertion
(LOI). One thing thnt mkes this attractive i{n the continuous
telemetry coverage we still have at that time. In any case, I would
1ike to supgest that you have your people look into how much of the
1M netivation and checkout could be done at that time in order to
relieve our serious pre<-DOI situation.

e

N

\|

Howard W, Tindall, Jr.

aey

cr/¢. Conrnd
cFit/T. Qulillory
i /A, Conen

PA/G. Co Kraft, Jr.
rch/3. B Hannigar
Fch /R, L. Carlton
Fch /3. By Craven
M/Cs R Huoe

PAIIWTINGNLY, Jr.tle

Buy U).5. Savings Bewdt Regularly on the Puyroll Savings Plan
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UNITED STATES GOVBRNMENT

Memorandum

Bes 1lint helow pare: JUN ¢ 8 1988
68-I-1109

M/Deputy Chist

nﬁ’um alvays be used on "0" {f GAN fulla

Mr. C. C. Kraft announced at his Monday morning meeting that the
EMB will be used for controlling reentry on the "C" mission in the
event of s CAN fa'lure regardless of vhen that failure otours. This

was decided over his mild objectlon at George Lovw's COB mmeting last

veek, %/ j
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UNITED STATES GOVERNMENT

Memorandum

PA/Manager, Apollo Spacecraft Program Office para: JUN 1 41968 .
68-PA-T-10%A

PA/Chisf, Apolls Data Priority Coordimation
Apollo Crev Safety Reviewv - Action Item Mo, 12

This memo 1s in reply to PA/GA-MLT2, dated May 13, 1968, In which you
requested that I svaluate action item No. 12 and subdmit recommendations
for reviev and implementation, Bpecifically, the itea was!

"An evaluation of the acceptability of pre.retro fire
procedures considering eliminating any excess crev activity
Just prior to retro fire."

T have discussed this item with the Chairman of the Apollo Crev Safety
Review Board, Mr. John D, Hodge, on seversl occesions and it is my under.
standing that they no longer consider thie an area of concern. In facs,
Mr. Hodge informs me that they deleted this sction item prior to their
presentation to General Phillips on May 28. The specific thing they
were tconcerned about was that crew procedures required one of the corew
to be in the lover squipment bay shortly before retrofire for final

IMJ alignment and spucecraft attitude checks., This activity is not
mandatory and is left to the spacecraft Commander's discretion as to
what will be done, It is anticipated that substantial experience will
be available to the crew prior to the retrofire maneuver, vhich will
permit them to determine time required for crev movement and task
completion, I there is any question at all of running out of time,

the sctivity will, of course, be deleted or terminated. This has deen
discussed wich thoece responsible for developing crew procedures ae well
as the "C™ mission flight ccntrollers and I believe is understood by
all,

L

Mo
Howard W. Tindall, Jr.

£

PAHWTindall, Jr.:)s
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UNITED STATES GOVERNMENT
Memorandum

PA/Mnager, Apollo Spacecraft Program Office pata: JUN 1 21968
6B-PA-Ta124A

D" micnion launch window 1o nice

Thie note {n in follow-up to our "D" mizsfon launch windov discussion
tluring our Tuesday morning meecitg. Essentially, the situation is as
I understood it to be At that tim~, Real time procedures can be and
are heing entrblished tO provile m launch window about two and threea

- gquartern hours long by using the earlier propulston and guidance

ryntema tecta to innure acceptable lighting and network coverage
dur‘ng the rendezyous. Incldentally, the launch windov opens at

1000 6MT (10 n.m. FST). <1 checked with the mission plan guys and

they know of no other actlivities more constraining than the rendezvous
on the lnunch window. Furthermore, they never heard of any five
minute window, That must he a Washington rumor

I hnve nttached a memo descriding the technique in more detatl, if you
are Interented, It should be simple to handle in real time and doesn

not deprnde the Bystem tests, No special programs or displays are
neaded In the Mirsion Control Center to do ¢ Jeb.  Over and out,

—

. oward W, Tindall’ Jr.

Enclosures 2

PAtIMTindnll, Jr.:)e
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RENDEZVOUS FOR MIESION “D B
DATA PHIORITY PAXEL R R

Srnunsy -, 1, at Manned Bpheeemnft Centior, Housnton, Texns,

_j . T‘\i‘i"?;:?'.t'.t‘l"'. o oanmin whnl T othink happened at our firat Mineien mpe

jemireyoee atn Priorlly X over my noten I am bmprimrioal o
- w.th how 1 mneeompliahed, but with tione we thou ht ' -
' reoglution,

. I+ win apparent that misplon plannir: for the rendegvous exercise

“1% mpeten han bren carefully iteyated such that the nominal plan entiels
».1 1 W e eon timinto nid provides rtation covernpe for vach of the mnjor
spregvere,  Toth of thene characterinticr have been deripnated as mandatery
fr A1l praetienl parposmn, The First question that arose vas "What procedures
unl asemninted MCC cystom: implementation have been provided to aspurc having
Lhegm monracteristics dnring the actual operationt Remember, the rendezvous - ;
tnper pinte in the fourth day of the fitpht durtng vhich it is almost certnin
d spepsions will hnve cnused conditione to have deviated substantinlly from
nom'tals It 10 aleo evident that delayed 1ift off can contridbute substantial
apomees In the pituation too. A8 of this cime nothing had been done to

hatelle: Lhin eperntionn) tack, and Mre Morris Jenkins and Mr. Ed Lincherry

tuny the nntoan ttem of rotabliching rultable proceduren ut litine the spntee- .
wpnft mpeaver during the earlier phnses of the mission to insure that nll
el s ot meteptntier wald e provided during the rendogvoun veereine,
Whin w'1) Yimedy tirn into n formidabile Job in real time, Aluo, I' my
e w Limbt op the seceptabls lnunch wimdow, .

S0 apeention denlt with hew the IM plitlorm waa 0 be O
(TR 1S Currently, Lt i napamed ¢t 1M Be done duringeg -
Gneppert wrel 1% 11 propersd thnt 1t hwe done while the LM ia dotked to the L
sommr o vesiile with the commaml module econtrolling ateitude (n wlde dondband, -
e Wt s dinpen AP lonp ook the action ltem of insurine that the mc/n'rcc T um
Lo oreecoe ol osabply 4o the crew during the opuration the reguired CBM - 3
mheltude ¢ amn Shnt. the AOT would be pointed toward the necessary sl!rmment ¥~
ataPh, - )

Enelonure 1
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UNITED STATES GOVERNMENT

Memorandum NASA. Marned Soecsrah Contr
. Nission Planping & Antlysis Division

PATEIMAY 2 7 1968

Ve ort dtal Mission Analyaie innch 68-FMEL =171

Informal Distribution

Extensfon of the Apollo Mission D (CSM=103/IM=3) launch window using the
ops/hps av capability

e puronees

1. Conway, H. L.} Merriam, R. 8.3 Spurlin, H. 0.3 Calvin, C.: MBC
Internal Note 6B«FM=93 entitled, "Apollo Mission D (AS=503/CBM=103/1M~3)
Spacecraft Reference Trajectory, Volume 1 = Nominal Trajectory", dated
April 30, 1968.

7. PRose, R. G.! MSC memorandum entitled, "Ninth Mission D Flight Operations
Plan (FOP) Mesting", dated April 18, 1968.

Cummar

A ntudy was conducted to determine the AV capability of the 8PS/DPS to
prrform nodal shift and phasing maneuvers s> that the launch window for
Apollo Miasion I could be extended. The results show that the launch
window can be extended to approximately 2.75 hours provided the necond
orPa, third 8PS, the docked DPS, and an additional 4SO fpe SPS burn are
Jdoaigned nominally to optimumly mhift the line of nodes emptward.
Following the nodal shiftr, a beries of phasing mneuvers {(nominally
zero for on=time launchea) would bte then required to complete the launch
window extenasion. Operational considerations (su:h as non=optimum
goopgraphical burn lc-ations to provide MSFN coverage) will prevent full
realization of the nodal ahift capabllity) and, as a result, the launch
window of 2.75 hours theoretically possible may not be achieved. Redenign
of the AV maneuvers from trat of reference 1 will have no impact on test
objectives, The Jdata and analyeis leading to these conclusions are dis-
cuased {n this memorandum.

Digcusnion

To sntiafly requests contained in reference 2, a study was conducted to
ttetermine the maximum launch window considering only the AV capability
o' the SPS/DPS to return A vehicle delayed at launch to the nominal
lighting and MSFN coverage for the LM-mctive rendegvous (defined in
rel'vrence 1).  The launch window for the D Mission Reference Trajectory
pul-llabed in reference 1 1s lesa than 1 hour.

- The Information In this paper Iv yusdited and b
et ofMelal FOU ve MPAD Informationn NI le

Fnclonure 2 telsaied to previde rapid circuiation and may
hier e nesrpersiod la & formal paparn,

Buy U.S, Swvings Bonds Regularly on the Payrell Savings Plan
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Pieree mre banleally two methods under consideration by which MIFN coverage
niet Llghtlog requirements during the rendegvous may be satisfied in the
vyenl, of a launch delny. The first method ie to adjust the time from
I to TPT by nmall -~hanges in the differential heights during the con-
vontrle coasts of IM-active rendepvous. A study of this technique is
currently underway. The pecond method, which is the subject of this
memoramium, 18 to "rendesvous” the CSM/IM vehicle which may be lifting
off late vith an imaginary ve! U (o whieh 1ifts off at the nominal time
aid executes all nominal naneuvers. 1f the lmunch delay is long enocugh
(over 15 mluutea) then phasing mancuvers {apogee and/or perigee adjust-
ments) mlone may not reestablish nominal lighting and coverage since
cut=of-plancness arises due to earth rotation. A nodal shift ia then
alno required, the magnitude of which is directly proportional to the
rotatlon of the ecarth during the delay period.

Nextal Shift Hequirements

The nodal shift required {a due to the orbital plane of & vehicle launched
ot time heroming flxed at insertion {(neglecting apsidal advancement and
noinl regrenslon) while the orbital plane of the delayed vehicle has an
gantwnrd shift in the llne of nodea equal to the amount of earth's rotatir
dueing the delny period. The LV required for a noday correction 40 ie
piven In the following equation:

Vo= 9 v I3
L VX COB wy aln __é)}ain i

where Vo, 1s the inertial velocity at trannfer, ft/sec

xl
Yo ls the flight path angle at tranafer, degrees
LE, 1a the nodal shirt required, degrees

1, 1a the orbital inclination, degrees

For exgmple, from reference 1, if Yy = 25771 fps (130 n. mi. circular orbit),
1 = 307, coo 4y = 1, and if 40 = 17, the AV required from equation 1 is

sho fpafdeg. The total AV available In the D Mission which might practically

b used for nodal shifts amounts to 5050 fps ae shown in Tables 1 and 2.
The LM pas represents the AV from the second SPS, third SPS, the docked
DPS and a bSO Ppe SPO burn available from presently unused SPS propellant.
[ used optimumly 1t will provide a total of about 21.L degrees of nodal
ahift.

In m:tual flipht operations, conaideration must be given to locating the
OFD burns wver MOFN atations {thus not necessarily at maximum Northerly
Lr Lentherly latitudes) and as a result the 21.4 degrees of nodal shift
represents & theoretical value with 20.0 degrees being an operationally
more realistic value. Thus, figure 1 shows that if the 5050 fps are



nominally used to shift the line of nodeas eaptward then as the launch
delay increases (the vehicle restn on the pad for an increasing period
of time as the earth rotates at approximately 15 degrees/hour) the av
requlired to shift the plane of the delay=l vehicle back to nominal
dcereases. At about 86 minutes of delay, no nodal shift would be required
as shown in {igure 13 in this case, the SPS burns required to reduce the
CoM mass &nd accomplish the C°M autopllot test objectives, would be
deaignod so as not to shift t - irm of node. Delays of over B6 minutes
will require ghifting the nule westward. The magnitude of the shift
westward increases until about 2 3/L hours of delay when the available
AV for nodal shifts is exceeded. Thus, the launch window for the
Apolio Misslon D would be 2 3/4 hours. Although such factors as
lighting for end of misslon and MODE IV ahorts also influence the

length of the launch window, preliminery studies indicate that the

AV eapability to adjust coverage and lighting for the rendezvous la

the most conatraining and the other lasunch window constraints serve

only to mstablish a rather wide 6 hour period iam which launch could
OCCUTr .

Phaning Roquirements

After correcting the nodal differences between the orbits of a "phanton"”
vehlele launched on time and A delayed ve=hicle, the two vehicles are
baslcally {n the same orbital plane although not in the same position in
the orbit. To correct lighting and coverage, this positlon difference
must be eliminaled, and this is accomplished with & series of phasing
mnnuuvira (apogee and/or perigee adjustments to change the orbital
period).

Fipure 2 {1lustrates & typlcal problem which might be encountered in a launch
dnlay. Flrure ? denls with a phasing situation in which the launch delay

igs atout <0 minutes and thus the on-time vehicle is about 120 degrees ahead
af the dolayed vehicle (the phase angle increasing at about 4 degrees per
minute, ‘or a orbital period of aporoximately 90 minutes).

Two ~holces are available to the mancuvering {delayed) vehicle once the
neeial differenticl is corrected {Figure la and 1b). The first choice is
to maneuver to a higher apogee orbit (greater period) and "dgell“ for a
sulTiclent time to allow the on-time vehicle to cateh up 2407, The
second choice 18 to reduce the apogee mltitude and catch up 120° with
the on~time vehicle. The problem im now reduced to simply mmking the
proper choice based on minimizing the AV expended or the orbit change
required .

Fiwure 3 nhows the apogee (or perigee) adjustment (4h) reguired for the
muueavering vehicle to catch up ("go below”) or to dwell ("go above”).
The mupnitude o1 ph 18 approximated by the following relation:

AP = 1/50 (ah) (n)




AT

where
AP 18 the delay time in minutes
Ah is the apogee or perigee adjustment required in n. mi.
n is the number of orbite ~ver Jhileh the phasing interval ia desired

in the D Migsion, n {8 dictatai Ly crerational considerations and thus the
Ah I8 deiermined as a fun~tion of n from Tigare 3. In the evample,

Agauming n = 2J then ah to go above {5 150 n. m!. and the ‘h to go
below {a 75 n. mt. The bast chol=e of 3h in this case 18 s = (9
n. mt. provided'low perigee ;ictlesme 1o not exist (see figure 2¢).

Gevigion of the D Miasion

Tn extend the launch window the OF5,07T turma In reference i murt be
rexinglgned in both orientaticn and duratisn and plans dravn up to
arcomodate launch delays up to .75 kours. Ctulies are now in progrens
to tdentlify thn operational problema asso-fated with {mplementing the
burn schednle, and reforence 1 ts currently being uplated.

“oncliusinng

'sing the JF0/NPS AV capability tha T Mssicn launch window can be
sxtondel Lo nearly 2.7% houra. ‘The cxtemion can ba accamplished hy a
anrlrg of nodal shifte an? phas!ing lhivns whi P mist be incorporated
into the operatlional trale-tory rlanniag.

Harold L. Conway -
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ORBIT OF NOMINAL
ONTIME VEHICLE

ORBIT OF VEHICLE

DELAYED AT
LIFTOFF

EQUATORIAL PLANE

Al
A 1S THE REQUIRED NODAL SHIFT

(2) NODAL (A £1) AND PHASE DIFFERENTIAL AT DFLAYED VEHICLE INSERTION,

ORBIT OF NOMIN L
ONTIME VEHICL:
AFTER NODAL
SHIFT

ORBIT OF DELAYED
VEHICLE AFTER
NODAL SHIFT

(b) PHASE DIFFERENCE (8 Y AFTER NODAL CORRECTION

1. DELAYED VEHICLE AT
PHASING INITIATION

2. ONTIME VEHICLE AT
PHASING INITIATION
BY DELAYED VEHICLE

3. Ah =150 N, Mi. ABOVE

4, Ah =75 N, MI, BELOW
WHEN n®» 20

5. DELAYED VEMICLE AFTER
PHASING (BELOW)

6. ONTIME VEHICLE AFTER i
PHASING

7. DELAYED VEMICLE AFTER !
PHASING (ABOVE)

Figure 2, = Nadal amd phaing maneuvers,
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UNITED STATES GOVERNMENT MASA. Moo SpmcaeraR Certer

M emOTand&lm Missiva Flnitg & Faaf:y;h Dinaioh

e lint below DATE! m 1 e 1968

M/beputy Chief 68--1-123

Reaults of the June 11 Apollo Software Configurstion Control
Ponrd (ASCCR) meeting

1. Todny's meetlng wan short and awveat - nothing particularly
controvorsial. It started out with m discussion of the Gtage Verify
dincrete, A3 noted in my last memo on this subject, program changes
hnwe been npproved for Luminary such that the 1QC completely ignores
the Otape Verify dincrete, Apparently wve have generated enough
enncern that rome wiring changes may be made {n the IM's using Bune
Anncn to make the eircuit tnterrupt redumlant, This should help
fnoure getting this discrete vhich (s needed and used by Bundance,

©.  Althouph Dave Hoag (MIT) could not present a particularly strong
ar;ument for mpproving FCN-1T3, it meemed easier %o leave this
enpability in Luminary and Colossus than to delete it. The capability
I am rrferrine to ia an extunded Verd which permits DSKY display of
RM! pooltion nnd velocity error computed from the Vamatrix, ¥Ve are
annurmsl that 1t haa heen coled in such m way that it can be eanlily
removed 110 we find we need the 90 worde of memory it coneumes,

3. -OCD personnel expressed a concern regarding the stroking test N
program. Specifieally, they feel Lt highly desirable to provide a

Verb to terminate the excitation and also want to change the restart
protection such that In the event of a reatart, the ptroking test is
terminated, The only mltrrnative to this would be procedural, namely

to nwiteh from Nal to SCS and then back again if troubles are encountered,
Of course, you could mlwvaya turn off the englne, but that is considered
undsairable if [t could be avoided,

L. TFCOD rubmitted a new PCR (No. 205), duplicating one the board dise
npproved avout three monthe apo which would have rrovided the DAKY
dirplny of rmw rendnzyous radar detn, Of course, it's too late for
tundance, biut MIT wno requested to advise us of the Luminary impact it
they implement thin In the simplievat pomsible way., That is, sliminste
From the banie request the radar snple display, the automatie update
fonture, reduce the number of projrams that can be operating during
thin dinplny, eote. If the lmpact in unacceptable, this change will dbe
connidered further for Luminary #2.

Buy 1185, Savings Bonds Fegulurly on the Payroll Savings Plan



L, TPCR #03 in aloo an FCSD requent to provide Baturn takeover at
mixet. MIT's estimte of achedule impact ie five days on Colossus,
Oinee 1t is not & mandatory requirement, this program change is also
going in the post Coloesus hopper.

6. As you already know, & mesting is acheduled for Monday, June 2 to
Adimcuss follov-on spacecraft programs, This is an important one if you
have chanies you want made, The recommendations coming from that meeting
will be carried to the next ASCCB meeting currently scheduled for June 235.
The next Joint MSC/MIT Program Development Planning meeting has apparently
now ollpprd to the second week of July, if you are interssted,

'~

Howard W, Tin(nll, Jr.

Addrrnaenn?
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UNITED STATES GOVERNMENT

Memorandum

Bee list delow . N.fi: M ? .’9&

68-PA-T-119A o
PA/Chlef, Apollo Data Priority Coordimation _

fiome alternnte wayo of figuring out vhere the LM is on the
moon will be avallahle

For noms monthr we have been concerned with the problem of determining
the ILM'p loontion nfter it landing on the lunar surface, Thia
informition In eanontial in order to do a decont job of Aacent tare
poting mnd, In fact, a nignificant error can even influence crev
snfoty, Primary moden already implemented {n the Control Center/RICC
for determining IM locaticn utillze observations of the IM with the
CGM sextant and/or oboervation of the CSM with the LM rendezvous
rodar, In each case, these oboervatlont are combined with a knowledge
of OOM loontlon as Aetermined by the MSFN to permit locating the LM,
Another rather cimple technlique we hnve developcd esasentinlly uses
procedurss ard computer programs already aveilable to do the Job in
the sr.me wvay a sallor at nec doer, That ig, we are ahle to determine -
the IM's location on the moon guite accurately by making an AOT plat.
form nlignment using the stars and by doing a gravity alignment which
in effect entablishes direction of local gravity and by then combining
the information obtalned. MPAD in in the procerr of formulating the
equationn to provide thls capabllity Iln the RTCC and Charley Parker of
the Flight Control Diviclon will submit a request for the RTCC progranm
chnnpe through the regular channel-, Wwe will also initiate a FCR to
Impicment gomrthing similar in the Luminary computer program if it's
npg enasy to do as we exprcl,

This not anly rlven n completely independent means (i,e,, data cource)

for dolinye thir juob which §n vnluatble for cronn cheeking the prime teocha
ntquen, bt it alno conld hecome the prime mode umder ceartain ciroumstahves,
For rxample, If It in nceennary to abort onn CSM revolullon after Janding,
we would 1llkely use thio technique for determining LM loeation to targst
Aneent, slnce by that time nalther gextnnt nor rendeszvous radar data will

b= uvdilnble to o tha Job, 'r -

Hownrd W. Tindall, Jvr.

Addreorennt
(v 1irt nttached)

PATIWT I nednll, Jratlo

Bxy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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UNITED STATES COVERNMENT .
Memorandum o

T0 -':  FM6/Chief, Rentezvous Analysis Branch DATR: JUN 6 1968
68-PA.T-1164 :

*

FROM :  PA/Chief, Apollo Data Priority Coordination

¥

sunjeer: DO Modeling

It might be worthwhile for you or your people to look into the
DFS modeling in the RTCC, ‘The "D" mission includes several
maneuvers with manusl throttling., Isgproper modeling of these

burns may have som: effect on the operation, although, offhand

. | Howard W. Tindall, Jr.

I would not think ro,

ect
FC5/H. D. Reed
I"MB/C. W, Face
FM7/8. P. Mann

PAIHWTMndall, Jr.ils

v Buy U.S, Savings Bonde Regularly au the Payroll Savivgs Plan
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UNITED STATES GOVERNMENT

@ |
@ Memorandum -

w -

“p0 1 “Bew 1008 Belov

o1 TA/Chtef, Apollo Date Priority Coordination

sumjReY! - mm_i' Nendervous Nission Techniques L . b¢
" 1. tm iy 06 ve £imily kicked off the fubar Rendesvous Nission -
Techniques Dusinens,. Becnuse of the lsminence df minnions "D" and

TRT e startod on those first sowe monthe ago. Iov I vish ve hadn'd
because they are 80 darned complicated, I have a fecling the tumar -~ -
verdervous can ba finlshed up quicker than they ton and, of course,

- aome of the things ve are plunning to 8o in the Junar operution should
infiuence how to go on the developront flighta, )

) D, This meeting vas dovoted to estatliehing some grourd rules upon
‘whith ve can bace our work s vell ac smking @ cursory survey of
~ antleipnted mroblem axear requiving ppocial nttention, This wemo
% will do 11ttlo more than list there ftewns Bome OF the assumptions
. are debatoudle, of course, ard if vitimtcly proven vrong, will roquire
, . changing sowe thinga. Howcver, wve have pot to get started nomevhere,

3. ‘The following ia & Mist of the ground rules ve eninblivhed: o LA

fe  Asswpe laminavy {the IM sprceeraft ma:nhr mm) vill remin -
.. an designed today for the luwny mirnione, T

&

b. Assume Colonsus (the commnd rodule spacecraft computer gran) o
will be the same an depigned today, plus the addition of the CBI send - .
CDH terdenvous targebing programs and the addition of INJ pulse torquing, =

d, Asaume the "0" miesion lunar rendesvous opersbion is as currently
planred, '™at is, 1% should be corpletad within approximmtely one
revolution, The ecelliptie differential altitude 1s 15 fiome and the* -

~ " terminal phase trancfer angle is 130°, L e

e Assume 1N Liftoff shall be onetive only.. That 36, there is

£. Aseume NP renlenveus assistance {that in, yartioipation] is
niniwad ue long 88 the situation remains eesentislly pomimale - -~ -

i B2 :'. = ) N
| "o

Y

Sy

-

2

-y =
-

1%
Ay
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g Assume a)l in-orbit IN maneuvers will be made with the RO
propulsion aystem.

he Assume both sprcecraft will update the IM state vector based
" on their rendexvous naviant.on.

1. Asrume that if an out-of.plane situation exists after IM ascent,
all necessary mancuvers will be mwrde prior to TPI to eatablish an ine
plane remdervous situation during terminal phase,

- J« Assume 2ll plane changn parcuvef targeting to be executed by
‘either vehicle will be done by the CEM bared on jta sextant tracking,

b, The fullovwing ia a LinrL of protlem arcas, sows large and rome rather
trivial for wvhich we muat sacl. nnewerat

a, Ry fnr the mort elpnifionnt $s the mohlem of how to handle the
ont=of=planc nltuatlon. More on Lhiz later $n the memo.

Be What ir the mource of the IN state yveolor in the cormmnd moduls
ecomputer after IM insertion?

. ¢. SBhould frequent VIP range ambipuity teates Ve made by the crew
. ap & ptandard procedure?

d. fhould we Include ondboan! determinasion of radar angle dlae tn
the FGRCS? :

¢, Should remcnvous radar data be input to the AGY?

f. Should jn=orbit plntform allgurcnte be performed by either
spacceruft after IM inaertion inte orhit? .

& Should the CSM be targeted for a Holmn Tronnfer to protroct agninet
& low IM ineertion orblt as a standard (Lhat is, nomtnal) procedure?

5. I believe for the firat time the queation of how to handle the oute
of=plnnc situntion on the lunar rendervour is being attacked, Primrily
ap v reoult of our beloved three gimbal platform (choke) any difference
in the IM and C8M orliital planca becomrs difficult to harndle, Qurrent
estimnten of MOFN targeting uncertninty for the IM amcent plus LM IGNCD
erroras during secen!, ansure us thal sn out-or-planc situation will exisi,
Thercfore, a basie Queation to be reeolved is - phiuld we plan as a
nominal proccdure in the timrline to mke a mmneuver eprcifically for
getting the tvo vehicles Into the tame plane, The alternate, of course,
is somchow to plek up pleces of the out-of=planc dy incorporating out-
of=plane corgonente into the CAI/CHI/TPTI burne ae mich as we ean and




then take.care of the rest of it in the terminal phase mideourse -
nheuvers. Moet of ua are inclined to think we should provide a
special mancuver prodably uning the eommand module. Of course, this
idea immediately leads to another, namely why not elimtnate the command
module plane ehange prior to IM ascent and Inccrporate both that and
the diepersfons plcked up during atcent into a single burn performed
after sutficient in-orhit remtervous navigation to determine the
acwnl situation, There In & sort of philosophical question here

gince If everylhing worked perfectly, no poeteasocent planc ehange
would be required {f we made the CON mancuver before ascents Xt was
the opinion of the mjority, I think, that wo would be naive Lo think
that everything wil) work perfectly. Bome of the bacic questione to
be nnawered in onler to mke thia fmportant decinion deal with its
effeet on rendezvous navipation and Lthe tmpact of an extra mnouver

on the timeline. For examplet

n. fHow docs thir effeet rendervous dadar navigntion?
by Now doce thip effect VHF repdezvoun havigatlont

¢y If we palne torynn the platforme, wil) that introduce
voneceptable cevrore in the repdconvount

d. What platform orirntation rhould be ured {n Lhe COM before
ant pfter vhe plaue chanpe’

e, How docs thio effeet the cornard module mirror lmage mancuver
targeting?

f. What i the maximim pdar~ change delta ¥ which can be left
untll terminl phnne?  {Thin sleo haa Implications on RCS delta ¥
reafdunl trimming anl posatble ure of SP3 only.)

£ Shonld the onbeofeplnane mincuyor de mode 8t t4e matural node
or should two burna be plarned theleadt .

he Should ve plan any out-of-plane yaw ateering during aacent?

i« One important mitler whiech Ed Lineberry will discuss with
Milton Contelln (FCih) prior te the moxt reeting regnrdes seleetion of
optimim M1 time, currently ret at 20 minutos dbrfore darknesa, The
queallon Is how undralrable from a lghuing standpoint ie it to move
nominal TET time Inter « perhape even to midpoint of darkneen = in
orler to glve pore Ume in the rendezvous sequercn to porform the plane
thange myneuvers,




—

By ﬂ!ll thers are a lot of questionn and fow ansvers, As I noted v
praviously, ite impact is so great on everything, we really must decide

+ what to do about the plane change befora we can get anyvhere, Bo that's =
‘what wo'll talk about at the next meeting » June 1Rbhs

[ — 4—“ L] .

L) ) ¥ oe

Y

Hovard W, Tindall, Jr.

Addroaseent'
(Beo liat attached)

TAWTindall, Jre1ds
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- Memorandum e
5 10 i Bee 11st belov . .parst JUN 3 1968
EB.nuBA
. mom 1 PA/Chief, Apollo Data Priority Coordirmtion _ .

‘smjRcT: VHF range shouldn't be limited by softwvere

Reference is made to the attached pemorandium from Qolonel Frank Berman, -
The 327 n.m. Jimit on the VI ranging system appears to de & softvare
constraint. I think 4t is due to the way they mcale the rangs.

Would you people please check and ace if we would bLe better off %o

change the scaling 80 that the computer program will pot limit the

range at vhich we can uce this instrument even though it may reduce

the mccurscy of the rendervous navigation. Bince progrem changes

get harder and harder to mke, you had better decide as quickly as

pornible, .
ﬂ” 'T_-’_

N ) . Hovard W, Tindall, Jr,
| Enclocurn

Addressecst

i/, MoPherson

R B b

PAIWDLaLY, Jr.tis

Buy U.S. Savings Bends Regwlarly on the Paiall Savings Plan
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: N/r, Mobrw
.o Memorandum ’ B
. PP A.Cohea
. | . PY /0. Speley -,
O LCA/Birevtor o Pl Graw Operatlcna . nA'm W 7, 1955 re/r. n.,,jm: s
S : ol o t\'/n.n.,c..
ROM :cn/cmone). Frank noru}an ) L '-; = [Trndst
- o N " ' x - ram . ea/ﬁa.“..'“s

hJM‘r'vuu to RCA, Cumden, New Jorscy, May 3, 1968 o

T vinited RCA, Camden, Naw Jorscy on Friday, My 3 to review an enginvering
nodel domonstralion of the VHF Ranging 8ystcm., The test setup included the v
comporenta for Lhe Command Module ? and the Lunar Nodule (IM) located in
two ndjacent kereen rooma,  Bignal atrength between the two {nstallutions
tould be variod by changing & set of attenuators. The variation in signal
atrenglh was cnlibrated to provide m sirulation of range, There wWas no pro- *
viason Lo incorporute Lthe delay timos sesocinted with actum) variation in
range,  Thercfore, the actunl range eapalility was not conmplately varified.
Neither the 1IN nor tha (M awdioc center was used.

Yhe followlng reaults were noted! The system locked on At an indicated P52
pautical miles, After initial selivation, the signal was losi at & range
i of approximately W25 nantical miles, The volece quality war good and no
appreciable offect on readahility was notod shen Lhe VHE Ranglng wai 4n op- v
. eration, The "jitter" in readout associeted with volce tranenission which
waz ovident in the broendboard mode) has tcaen elirirnated, Accuraty is pres :
dicted to be * 212 luect, _ )

v - L
gt b g - o namtm o 4 )

i

Af‘ter the demmnt.rm lon, the Upﬂominr. flight et program al Wni te Sands wns . ‘h"
dlacuascd, As 8 roeult of the diacusston, $t is suggested thai a spaceeraft
sudio center Lo cmployed on She ground ro Lthat a rore realistic evaluation
of volve gqualltly zan be made during the rlight test. It is appareat that
the only relinble and accurate demonst.ration and verificamtion of the VHF
Ranping System will oceur during the flight test at White Bands,

One other flen of frlevcat ia the fact that an snbi,mity exinu: which will .
eifvebively Jindt U raoge recdout, of Lie systers Lo around 337 nauticnl
mitens - Another mvn nt* come tohcarn in the HIT rollware intorince with the
VIR Brngldog Bydlem, KL owag noted, tor {notunce, thal the eonputer uson o

G000 nautical mile, while the VHF Ruginge uncs o GO80e1L nautioal miles

MUT $» aweove a5 Lhle, and T was Lold that Lhe roftwame progeam le proceeding
witheat aifriedity,  Nevepthielenn, T Jo think it would be & pood idea o
hold direat Jiscursiong betwedn MIT ana REA in the near I"ulm\ Lo nake sy

S that lhm‘u nre ho probleng in 1n1.eg_rat1n tho-syatom, o
| v LA
Ll MMM-\.___
- Frani dorsan ¢
‘eet ' S W
; /ALY Actronaula ! : _ : ,f ¢ '90.‘:
" l':"?/l‘i. 1t Hirgone L=

L] .
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UNITED STATES GOVERNMENT
Memorandum

PA/Mannger, Apollo Spacecrz®t Program Office DATR! MAY 2 9 1968

G6B<PA-T-110A
PA/Chief, Apollo Data Priority Coordimation

Progreas Report on Misalon Techniques

1, Since we have not been ahle to get together this year, except for
our shori discussion prior to the Qeorge Mueller briefing, I thought it
might be a good ldea to send you a little {nformal Mission Techniquee
progress report. I guess our lack of contact e an impliclt vote of
confidence which I hope {6 Justified. Overall I think we are in pretty
good shape although thinge are not ccuing out as quickly as I had
predicted in March.

AN jgu;Jaigg;qn_phalnmglwiﬁg_me_ghg_ggggteat concern right now 1ls the
rendezvous on the "D mussion. It hae specinl problems requiring —
spectal netion., I think it is under control ageim, nov. The other
matter concerning me, which I know is also on your mind, 1s the

question of change control of our Mission Techniques documents. THW

ia beefing up their group working vith me to handle this activity

nnd will noon gilve it a try on some "C" miesion stuff. I may be naive
but I really feel that by the time this dusiness becomes mont important .
that e, for the lunar miesion. = both mceeptunce of the Mission Techniques
documents and the procedures to keep them updated should be in good shape,
As tentat!vely proposed in your directorate level meet!ing I feel the two
months overlap period of configuration control should be between five and
three months before launch. At lempt that is what I am aiming for., I
renlly expect that experience on the earlier flighte will finally dictate
the best way of handiing all this. With regard to schedule, I have
attached a rough bar chart showing how I think things stand as of mid
May. The slip in the documentation sipce my March 1 estimate is ghown
by the distance beiween open and solid symbuls, It Iooks awfu) and if

1 thought 1t was typical of the future 1'd shoot myself right now. How-
rver, I think we now have some experience that glves me confldence in

the schedule shown., I would alpso like to point out « hopefully without
sounding like an excuse - that the mission techniques documents are

only one product from the effort and I would like to think considerabdle
mnefit is obtained much eariier than their release, Actually we nare

nov experiencing & phasegver in the work. We arc nov at a point that

it 18 necesnary to bring substantial portiona of it into final form and
dot'ine the remaining areas on wiich we should concentrate our attent on.
We are d.ing this nov by releasing several phasen in June as you can

eee,  But, I should point ocut that they are not complete which mcecounts
for showing tvo relense dates for the drafts, For i{natance, thz Descent
will not contain the ground monitoring, the Ascent book will only cover




the stay on the lunar surface, and Midcourse is only earth orbital through
TLI.

3. @n "p" rendezvous really turned into a rather messy problem. when -
it comes to development of minsion techniques, it is unquestionably the
worse misslon phase to define In the entire Apollo progrlﬂg) This is
brought about by at least three thinga:

a. It is the most complex mission phaee in any of the Apollo flights.

b. There are more guldance syatems involved, none of which are
renlly qualified before the flight,

c. It 1s potentially the most harardous of any activity ever under.
taken in the manned space program up to that point,

‘I mlght aleo add that everyone has their own different opinion on how it
chould be done, making it that much more difficult. All of these things
hove mude it neccesary to tremt this mission phnse somewhnt differently
than the others, However, I fecl we now have a good plan for moving out
on tive and 1 have high hopes that wve will be able to have our package
pit together by the end of July with substantinl agreemen. in everyone's

. part, I expect to enlist the direct participation of Gene Kranz and the
Fllght Crew, which will be extremely beneficlal.

onam——
+ : ‘t.

Howvard W. Ti.ndall, Jr.

Enclosure

PA:HIWTindall, Jr.:Ja
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UNITBD STATES GOVERNMENT
Memorandum :

See lint below DATE: MAY Z 9 1968

68-PA-T-108A
PA/Chief, Apollc Deta Priority Coordination

Spacecraft computer program - things dealing with lunar descent
and aborts from it

1. I spent an interesting mornins at MIT on May 16 with George Cherry,
Dnn Llickly, Norm Sears, and Crnlg ShulZ2nberg talking about Luminary -
how it works and some things that really haven't been defined yet, It
primarily dealt with lunar descent and aborts from lunar descent.

2. TPowered Descent Braking Phase {(PG3)

There is & question {1 MIT's curmulative mind as to whether the
x-axis override logic if consistant with the current landing radar
utilization logic. Recently a PCR war approved to permit use of land-
ing radar data easrlier in powered descent but no changes were made in
the x-axis override logic, MIT guestioned if this is consistant,
However, more basic than that, there is the question of whether or
not sny of these things should be keyed to navigated altitude ag they
currently are, rnther than time of in tiation from pocwered descent or
gimply crevw choice, I belicve we nll are concerned that using n~via-
pated altitude ns the system is currently Jdeaipgned moy cause the system
to be locked out from deing the right “hing, GSpecifically, iIf the PGNCS
has computed the wrong altitude for some reason, even though the crew
may know they are getting true altitude from the landing radar, there is
no wny to get the PGNCS to nccept it. ‘Although this probadbly won't
happen, the concequencen are so serious that none of us could see any
reagon for designing the syatem in this inflexi{vle way. The way the
guidance system currontly welghs the londing radar data precludes its
use above 35,000 feet based on some sort of radsr specifications, Even
1f the navigated altitude were correct, we mny be making a mistake
providing this data lockout in the computer program at this early point
in program development.

3. MIT would like to mnke n desipgn chanpe in the Povwered Descent landing
Phad® Programs P65/PA6/PET. Ac éurrently degigned; the crev exits thege
final deacent programs by hitting "Proceed," which cnuses the I0C to do
such thines ar storing gimbnl angles and 1M position, turning off average
"g," turning off the DAP, turning off the abort monitor (which prevents
FGNCS recopnition.of an Abort and Abort Stage dlscrete), sets the lunar
surfnce flag, displays LM position to the crew, ete., This procedure {:
enahled when the computer thinks the epneecraft 1g within 82 {eet of the

Buy U.S. Sucings Bends Regularly on the Payroll Savings Plan

* 1
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lumar surface, There are two potential problems here, First of all the
crevw is within one "Proceed” of catastrophy if he prematurely hits the
bution inadvertently. This is unlikely but is also unnecessary since
there 18 no need to ‘erminate that program by a eingle key stroke. Worse
than that, if for some remson the FGNCS never realizes the altitude is
less than 50 feet, there 1s no vay for the ¢rew to terminate the program
in such a way that all those important functions are carried out. It

is MIT's proposal to change the design by adding a new program (P&8)
which would be called in a standard way via Verb 37, This program would
do all the things previously done following the "Proceed" in the final
descent program and could be exited directly to any callable program
crew procedures dictate such as Ascent (P12) or IMJ Alignment (PS57).

I think it is a good idea that they do that, P68 would not be called
t1il several minutes after the lunar landing, of course, in order to
maintain the PGRCS in & state of resdiness to Abort Siage trom the lunar

surface, if that unlikely event were necessary.

k. I learned some interesting things with regard to the APS Abort program
(PT1} - ancwers to questions poted in last week's bulletin on aborts from
powered descent., Specifically, P/l does not have any so-called short
burn logic. That is, if P71 is called when the duration of an AFS burn
required to fulfill the tarreting requirements i1s less than four or five
seconds, the PGNCS will not provide a well controlled cutoff. Actually,
what it will do folloving Abort Stage 18 to turn off the APS as scon

as it sees what is going on, whiech will be late, I asked MIT to lock
this over and tell us exactly what will happen in this uniikely event =
for example, how big an overburn will we get? I'm sure this is an
acceptable situation and the procedures we cutlined in last week's

memo are still okeay., Of course, it may mean that RCS trimming 1s

needed but at least the spaceeraft would be in a safe orbit while it's
doing it. (Incidentally, if the crew wante to do four jet RCS trimming
folicwing an abort, they will have to call up the DAP data load (RO3)

and resct it from the two jrt logic used in preparation for powered
descent. )

s+ Finally, MIT people noted that there are two wnys of ealling up the
abort proprams (P70 and PTl). The preferahle wny, of course, is through
the use of the Abort ami Abort Stage button:, The alternate means is
using Verb 37. They noted that program coding nnd teating could be .
carried out more efficiently if we were to delete the Verb 37 mode, “fone
of us could think of an occazcion for using Verb 37 as the primary
technique. In fact, the only contingency conceivable would be to backup
the abort discrete, At the time, I was inclined to think that this

wvas unnecessary but after further reflection, I am now reluctant to

oee that discrcte backup removed, particularly in the wake of our stage
verify discussions.



6. 1 expect to see FCR'c or FCN's in the near future on some of
the things no above, Maybe this mote will give you a little time

Ao O «A;st

Bovard W, ‘l'iudau, Jr.

- Addressers:
{Seo 1ist attached)

PAIINTINR]Y, Jr.i e
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Spacecraft computer program nevsletter

1. I learncd rome thingn mt MIT ln=t week that peemed interesting
enoitrh to juntify this note, Of couree, it deals primarily with the
rpacecrnft computer programa and their {nfluence on the mission
techniquee we are developing,

2. Imte Conrnd reported that durins their X3C LMY simulatlon, they
have experienced an apparent deficiency in Cundnnce vhen making a
docked DPD burn. He says that the DPR ewpine gimbal angles do not

get changedl ot all during thnt low thrust period at the beginning of
the Yurn which was provided specifically for trimming them, MIT
looled into thie problem and npreel that for eome rearon the program
dons appoenr 1o work - or not work « lixe Pete rayn, Their prelimihmary
Fuess As to the courre of thiz i that vith low thrust and high inertial
the pimbal trim estimator my be exreriencing underflow, That is, the
conputer s simply not ahle to detormine that a movement of the trim
plmbal {e necernnry as 1t {s currently coled. Of course, the RCS jets
are very active both before and after throttle up.

3. Our requirements for gatting rendezvous radar (RR) data on the down-
link while the LM ic on the lunar surfnce war diascueced agnin, and 1
am afraid I renlly blew 1t, _ MIT har reclsted the program change we
requented and T am beginninge ta think they may very well te right. That
in, T am not no darn rure any morm that the program am currently designed
and “oded e not good enough., In nny cane, George Cherry now proposes

to look into n very simple change which can Le rde in the lunar surface
navi;ation program (10}, which would substantially !ncrease the freguency
of Rit dnta on the downlink., All that {t nmounte to is to remove the delay
nfter the previous computations hefore the computer cnllectes another bateh
of ’R datn, Ripht now thin delry to 1% peconde, If w eliminate thie
deilny and operate PO tn the "no ninte vector update” ma'e, the computer
rhould eyecle very fhat.  George Cherry is going to make nn estimmte of
what thin KR downlink fr~quency would be as w1l as evaluating the schedule
{mpnet for this change. T would be surpriced if it is nol. acceptable to
MIC even If 1t Ir not perfect « whntever perfect im,

h, Ar Colonmur in eurrently deripned, the erw Ik required to press the
"troceed” tutton during the period of max mum reemiry G's t0 obiain w
ICEY displny change. A TR had been eubmitted to mmke this procedurs



nutomtic, Hovever, on future conmideration, we are not so sure that it
is n good t.hin? to do. The initia)l display parameter in PES are naed in

the primmry go/no gn logic employed by the crew in evaluating the CAN

performance to decide wvhether to stay on it or to go with the OMS batkup.
It in erncntinl that they see thene parameters and an automatic "Proceed"
could wipe them out before they hnve seen and digested them under cartain
carumatan-cs,  Accordingly, I suspeci we shwuld delele our request, The
discusslons have revealed, howvever, that some modificatlon in the coding
_ will probably be needed to make rure the syatem will work throughout the
rent of the entry even if the crew does not provide the "Proceed" sigral.

"o fiere Inoone more note {n the continuing "Ntage Ver{fy" story. Accorde
ing te John Norton the lunar ancent progrmm (P].:‘Vno longer checka stage
verity, That ntriker me an A real Improvement in the program but i3
myntiflon me an how 4 pobehnmred without a ICR or TCR, or even letting
Anyon® know, Norton, of courre, un~overed it by golng meticulouely through

the propram listing,
“"LLAQG.MQm«/!n
HO“N wi Til‘ldﬂll, \rl'v

Addronneern:
(See 1int attached)
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.:_f-'_fnuper: aowud Migwion "C” Aendesvous Mireion Techniuues meetng *

1 Om Junuary 17 we held nur cecont Minslon "O" Rendenvous Mipuion |
o Techaiques meetiig, 1 foal w4 Rave this misuion rhae pretty vell In

nand conceptuslly. There arc & number of mumerionl Limite yrt ta be

N >

% h 1x evident thnt Limite want >0 ant prgarding Yhe mitudes of
the deita ¥ yoriduals following Lhe m1 spheuver which wve woull trim
out with sthe RCE, That is, IF they are ranll we will trim thems 1If
they are larde we will pot trig tiee tu! {11 noeount for tha dispure
slons they create with the RCC. mmncuver. ais 1imiL mist be eataba S
tished, Tt i expected to te Tn the order of 10 [ps whieh e not An '

, unlikely value using the present FACCS deaign and thrust allpment S
uncertaintiesa, Reaiduals at NCC and MR muat be trireed, If LT

. excassive, the alternstive is to abanion the rendesvous, thue, the A
- rendezvoun RGS red line vill srotably fix the limite T

3. It hnd besn eatabilished that the grour i vould update the stnte ST
yectors of both Lhe commend molule and the R-IVB at two timer during o
the rerievous exerclce. e firat Ir prior to the meuver and.
the second is prior to the WCC,. mneuver, We nAve NV stablithed the
. gipe tag Tor each of these atnte yectors as followt! thy first
commnd motule state vector vill be LIl tageed & minutes before the
, - ¥CC, maneuver and the first 0-IVB rntate vector vill be time tagped
6 n}mten after the NCC, mmneuwnr, time tags for the state yector
~update prior to NCC ro} the comsnd module will be 6 minutes defore
W v the RCC,, maneuver shd for the A.IVk vill he 6 mimutes after the NBR
YL mmw?. Externnl delta ¥V tarresine paraeeters ¥i1l be relayed 1o~
.. the orev Mt the feme timn the atata veotor updates ore Bede,- - _

oy e pintform slignments vill be wde during thie eepoire, one ir s
Fh v o prepmretion for the NCO, meneuyer arl one in the tine period Petveen
<. 7 mec, snd NOR. orientation of the pl«tfom for the entize fendenvius. '
‘.o P wsefglne shall be euch thet 2! the Tl sime ea prediated at the .
i pagimming of this mlanion plinge the rpacecraft TIM1 Aabyll vouli. yend -
SR, O 0 vhen the spanearaft ia in norizental,- toatis Upy wings lovel,
L plane ateitude, , R N L
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A RS T ") Lo S S e
o, Fuys Th Aubal] arhitb mte lorquing duvice (OAIPAL) wiLL be Wt of 0 -
e anarees Althongh the rrimary mde . Tur the agew. th Mtermine Ihitintion
T v Yuant' tlen anbodmt the rpnesesult, 1 Looalno daaitdle that the presind
ET AN L avn tas euee aipability 98 & backup, M Linuberry was. alvon e action
X«-..';f;s%a;i Ttew of egtatliFhing pwricely how ok torqling fade prradter win he he
VAT aomputed on the ground, s-This will fe epecified in mathcanbical emtellon

. fepmnt trobably as a function of speercerfs altituden and oplimi o for
Foo venderyeuss - . R

T i S e event Slmey %11 hot s sk op b otun continiosuply throuphour e
=L pikaton phare hut mthes Wil? e et to countdown Lo eath OF Lier burn.,
el e The onay 0xaeptlen ls thal e opus viLL start 1% onunting up 2t the 7100
e T manegver, LA o '
&‘iilr . . ‘. .
T de B o longthy dfscuncion remrdine thn TPT mincuver,  Bpeetrieally,
there wund twe things whitoh muet he done, A daglnton munt he wuie 1o
renl tine as to whether 1o uee the npne coaft computed TTT mancuver or ihe
pround vomputed maneuver. Pollowins thins decision theru 18 thoe taal ot
pesguting on. or the other, Ar a e’ [t wan identificd as noceneary
for the groumt to ‘gsnrmit to the erew tun nate of TIT maneuver tarycfness
- one for comparinon with the PNOCR and one for excoutlon if the PNOCH e
declared NO 610, In owier to ke the compariron in the order of 2 10 10
‘. minutes bafore TP, the best FANCS output four the orev LO use in the ™
' . reneuver in the external deita V coordinta ' nyotem from the Pakl RACH ‘
- "Lt ust program, Thorefore, fo¥ compatihllity the ground will tranrmit
.. . the same parameters (Or comparison purpoues. If the crew determines the
.0 U PMGCS 'a all right they vill execute the ontoard determimed mon-uver
.7 uring Pelxi The second set of targeisa tronemitted from Lt gronmd will
e ‘te goed oaly If the PHOCE nolutinn te declared unsatisiactory, - Theee nre
the dwatw V'a wvhich the crew sahould use eount up in the DCKY nr thoy R
utilize Vel to axecute the meneuver mminlly with Lhe npioeor Ot Xanvlpg - - .
SR boresighted on the target and with wings lsvel, The ground computatlion '
wibl avnume that spacecraft attitude in addition to compensaling lof the °
71 control nxie rotation from the body axis. Purn duration of thers
delta V'e will sleo be sect to pormit exncution with BC3 I the PRGCD
mneuver capubility lwa failed, . ' L. L F

- 4
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L. . 8y It ia our shdureianding that the v tioh Wemairlx whieh juoverne .-
: ke watehtine piven lhe optical chaervationn ave automtieally inlbinl!nes
S0 7 in the spaceseart whenevor new statr vectors are tranamitted Prom fhe - -
@ . . pround vin Pa2f, or wien the crov mnunlly requerts reatitt Bl iznticoa,
T Th Ak our deaive that L Wemalrix be nd tte {nltialiravion miuer at
. the tism the Clrat nextant observatio.s mv ohtained following NBR, =/ .+
Sl Binee alate yeotory wery wonnshitted prior tor OO, with mo nubesquont 5

CT paxtant obsyrvations 1t ls our understunding the i}.mm should mtill . - .
Y .57 be at its initlslization atate at that time, If Lhat fo hot the ears, o -

T x th erew must yewinitinlite them nfter W'R but oaly thed.” Bpeelfionlly,  °

“ 0 'it is Judgéd undwefroble to rreinttializ: followlng the TFE mnouvers...
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v ~ It {a eurrently plf.l‘ln'.‘d thnt the ane and only midrwiroe poreeidlon
X0 mipgtes afton TET, W Al ol hewe Lime o e

vill be st np tn ovour

diecuna thin mamuver o1 the terp.pnl braking bul wi'h do st pt ahie neex b,

" meetinge OF part leulat fntuosnt 1r the qew Limbi ity of brakire rwd wimid
to Jo next. Alro, what o the ronte 0 the 9.1VR nl that &t In ordey PO
to avold confiict wi'b @ cwit trwyrl, ‘e next ment fng will te held N '
ntarting ol 5100 ﬁ‘-.;{ A PRtaurry Tewenlpnady hroakihg Lt nice ncheditle

- '» gt up! N
10 fubganuent to than meetimy T dicer: g vl onr onm-‘l,u:l?on!'_..n-.!\ts.?'f\z;,.,-.ik ‘ Wi
grarfard nod Dorn Flaele, who both conouryed ae of t.htp',‘z‘;_m?' : . . N
' ) R O S S Nl o
;,.[.,‘1{\"-_5 7 -
. , ddmaeamUl A QL oAy
- foverd W, Tinialf, Tt -
nelopure _‘~‘ .

List of Attnmleen

M Addressees:
' {Sen attached 1i3t)




R
L - .
e .

i

E.
P.
Je.
K.
H.
D,
1.

ATTENDEES

A, Me[Hvitt
R. Ecott

We Lewis
Kayton
Boatlick

L. Davle

S. Presley
Shatfep

C. Linuberry
Te Pixley
Sheeffler

A, Ioung

W, Tindall, Jr.
Poudreny

L. Rue

43¥2322333338938

foner e e

!



- ~ »Pona oo e W ¥

UNITED STATES GUVERNMENT

Memorandum

F e £ & b
2 L

A )

oaa:JAN 22
68-PA-T=154

See llst below
PA/Chief, Apollo Dnta Priority Coordination

rginal" reviev of Spacecraft 101 {Mission “e) Retrafive and Reentry
Mission Techniques

1. On January 10 we had = neinal” review of Spacecrnft 101 (Mirsion "C")
Revrofir= and Reentry Mission Trchniques RR documented 1o the lopieal

flow charts prepared by TRW based on n serien of meatings we hnve had

here nt M3C. Thenac fiow charte, vhich ahov the operations starting
aevernl hours prior o the retrofire saneuye? {tgelf, had been dictributed
to all interrated organizationr, but this wan the Pirot Lime MIT, North
American and othevsa ned sn opportunity to thoroughly unterstand the
rationale and to provide their commenta, The eharts are now being updis ted
paped on our hev agreempente and will be dirtributed within the next

peyeral weeke,

2., Although we were qddrassing oirrelven s peeificnlly tO e Spreecraft
101 flight, we aT® all in hopns that the +echniques developed for that
misgion can bve used on all surpequent. =arth orbital missions. Crews for

Mig~ions “C*, "D", ard "E" vere in a‘tendance and it looks like we may
have nccomplished that obJectlve.’

3

2. FTobnblx_&Qg’most controveraial item of all dealt with the menner in
which tho Eavay Wﬁgﬁ]‘l § 1o be @A Tt wAc eta'nd Thal
T it i¢ recognized that the primary puldance Fystem (FPNOCB) in mot vork i ng
for some rrason in gufficlent time prior to retrofire to respond, wo would
wnne our retrofire maneuver on a ballistic reentry and would not attempt

to ume cloped 100P reentry guldance for rnging control. 1t it is
pecounized that the PNGCE has [atled In the 1ast mor-nts prior to retrof e,
following retrofive OT during reentry {tpelfl we are pbviously commi tted to
a liftinge reentry 1f we hope %o reach ‘he desired lending point. It {8 oar
eurrent plan to uti{lize the epxsentially open 100P bank/reverse hank backur
techntque dimilar to that employed for gemini. The point to be made in thn
in both cnces the EME is only bPCing operated as a pystems test and ‘e not

 r— et

utilized 1n'tnv_actuiflcontrplnorm;he,reentry. Some_parties contested theec:

Secisions. in gersiculer_North American, ard 1t {8 Tecognized that A numori
of thingns are going on at present vhich may make it dasirable to roverae

the aecond one ragnrding use of the EMB Aur(ng a backup pode 1irting reentry.
Speclrivnlly, analyacs mre belng carried out. in a number of placer O
improve out knowledge of the BB capabllity and Lo verify Itc rendineoss

for flight., In addition, aimilated reentrizs both with and without the
f1light crrws thems»lves are acheduled amd will have an influence on the way'

Buy 1.5, Savrmgs Bonds Regularly on the Payroll Savings Plan
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we ultimately go. And fipally, G&C Division had been requested to ntate T
positively their position with regard to fiight readiness of the FMB, But

as of now, we aren't uning Lt! Tt should ve emphaslzed, hovever, that our
current plans for reentry at lunar reentr) velociting definitely involve ube
of the EME in n vital role and confidence must be developed in that system
partially from these earth orbital dewelopment flights,

L. 1t had becn stated that if the deciston to retrofice is within 2 houre and
LO minutes of the time it is intended to do so we would not utilize the PNOCS,
It is evident that there could be times wherein that system eould be ured In
the unlikely event it was already in use and vell aligned at. the time of mn
leediate reentry decision. Accordingly, ndditional logic will be included

In the flovw to Indicate the various conditions under which we would ure the
PNGCH, without a full 2 hours and L0 mirutes for its preparation,

%, There are two ways of performing a ballietic reentry., One is to continuously
foll n spacecraft as ve did on Mercury. The other is to dissipae the lifting
eapablility by banking the epacecraft 90° to one eide and then 9C~ to the other
causing the spacecraft to move in An ocut.of-plane direstion, It was egtablished
that the primary mode for flying thr ballistie reentry would be the latter
bascd on a definite crew preference for that technique, The Control Center is
prepared to handie either way including computation of the best bank angle to
use taking into account cg offset in order to align the "11ft" vector horizon-
tally. Furthermore, if the recavery forcee are Known to be to the north or
south of the ground trnek, the time at which the spacecraft reverusen its roll
nttitude vill be determined to minimize that miss distance,

fi. 1t was drtermined that under no circumetances would ve modify the retrofire
minenver targeting or state vectors in the spacecraft computer when the time

to that mneuver (s less than 30 mimtes,

7. We declded to modify the final check on the PIGCS from that shown in the
proposed flov, Specifically, it had been suggeated that the spacecraft be
pitened down from its inertial retrofire attitude 20" at 5 minutes before
retrofir ignition time to verify that the horiton coindided with the

window marking, If it did pot, it was proposed to declare the PRGCS NO QO
and use the SCS instead, In order to svold the obvicus undesirable change

tn apncecrnft pitch attitude at this eritical time, this was changed to
utl11lize the COAS for the horizon check rather than the 1in= on the spacecraft
wipdow, It wan noted that with the spacecraft ln retrofire attitude the
norizon ahould pams through the middie of Siw COAS at approximately 7} minuten
fore retrofire providing just an accurate a check, eavlier and without
changing spacecraft attitude. It wge astabl!nhed that the hori{zon check

with the COAS should be to within 3 at the precise time the horizon should
be centered in the COAS in order to commit the use of the PNGCE.




8, It vas reported that during the retrofire Bnncuver 10 dispersions In
the guidsnec and propulsion system yesult in 7 piteh and yaw excursions
durlng the maneuver and Delta ¥ residuals of 6 fps. Rather large.

9, 1n preparing thin flovw we hed convinced ournelves that the orbit rate ball
device {ORDEAL) should not be used. The crevs feel differently nnd Ac we nru
in the process of including {pitialization functions etc,, in accordance with

its use,

10. At preaent it ie planned that the reentry vill be flowvn with the crev
actunlly controlling the spacecraft attltude mrually {n accordance with the
PNGCS recommended bank angle just as they did on most of the Oemin! flighto.
Those responsible for the reentry Digital Autopilot (DAP) maintain that it
will not be possible to evaluate the performance of the DAP if the spacecraft
iz flown in this way, Bince this mode haa hern agreed to by the Program
Manager, thore organizations who are concerned (e.g., 0&C, MIT, MPAD, ete,)
were advised to prepare their case and submit It in vriting to the Program
Mrnager.

11. Ther= was a quesntion as to what should be done about starting the FMS
{f 1t does not start automatically as it is supposed to. There are some who
say to manually atart it at a computed time, and there are others who say
not to do that. Dave Heath (MPAD) vas given she action ttem of determining
what the mission requirements imply and North American wan reguested to
present thelr position on this matter.

1, Items recorded nbove sre obvlously just highlights of the msting = that'c
primavily aignificant thinge which vere changsd in the flovw as (t wAAR prerented
and those things on which scnuproversy still exiats, Bome of the decirions
mny be changrd, of coursae, but ar of nov 1 think everything is covered pretty
wall and eve-yone can unde=gtand exactly hov we are going to do thlm misaion
~hate nnless changes ATT Approvea, Qnce the comments noted have bren
eorporated, 1t is my intention to predent this to the MiC mmnagement for
tprtr,tgrogmntlon,bcritjclqp and fipal approval.
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SURJECT: Reentry from lunar missions
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1. On January 12 a group of Flight Crew, Flight Control and Mission

Flanning guys got together to talk about the lunar reentry and nome

rather intereating things came out which I am reccrding here for my
\ records and your amisement,

D, Avpparently, the lart mideource correctlon before reentry on s
lunar miseion orcurr about one hour prior to reachlng 400,000 fect
altitude, T4 {# probadle Lhin maneuver will be made with RCS,
altroiyh T aqppose 1 1t e dig snough 1t may be hecassary to ure
twe 01, It 4s currently planned to use the Fxtornal Delta v
gu’ tance mole, IC EPS la uned {t {r expected that wa will have to
' trim residunir with the RCB.  There was a question, however, as to
. whether this lart mudeourse mancuver zhould include sn out.-of'-p_lqm
component.  Claude Oraves seemcd to think it worthwhlle but war nol
N~ Tare: he took the mction {tem of detnrmining the advantages and
disadyantoyes of thic, Gince th» same platform orientation will
probatly be uaedl fir both the fiaal mideourae correction and the
rerptry, it ir Aanticipated that the mort derirable REFSMMAT will be
chosen aeed on reentry conelderations making the positien on the
nall relatively rondom during the midcourse correction, John
Llewellyn intendr to propone what RFFSMMAT to use. It may be
nreenpary to add n capnbility for commuting it in the RTCC if that
doep not alrrady exiat, It in eoxpected that the platform allgnment
performed pricr *o the T.decurse maneuver w!ll be adequate for the
reentry, that 12, {t wiil rot be necessary to redo it.

1, We next dealt w ot the cucrtion of the most desirable rpaceornf
nttitude_during cervice podule_separatiop.. As you know, ‘thr TNOCL
autrmntically mancuveves the spreecraft to a preferred attitude which
{a stored in the Colofrus reentry program {P-6l), We were not sure
how that vulue vwaa selected and {t 12 not certain it in the one we
will ult!imntely want to use, We are not even sure we will want to
use nn automatie mode 1n the first place, One matteo= which it reems
should be glven conrtdemmtion L nuse of wn nlignment providin: an
outenfaplane component whille avoiling plalform pimbal lock in the
name way ne will he lone on aarth orblitnl mtunionn, I cxpect to
regiient MPAD {Cnrl Husa) to resolve thli overall preferred attityle
. question if it Las not hean done already. And we are reviewin, thr

By U8, Savmgy Bonds Regudarly on the Payroll Savinps Plan
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desirebility of eliminating the auto altitude maneuver from the Pt - .
program since MIT says thiv would be a good time %o do it 1f we're nol
going to use it,

b, If and how the ORDEAL vill be incorporated into this operation mu:*
also E examltied, as ususl. b

5. There was 8 lengthy and emotiomal discuveion concerning the overnll
reentry trajectory philosophy. Within the past year the MPAD reentyry —
people have d8vEloped whal appears to be s rether good vay to back up the
FRGCS reentry gulGance in the event it fails, Barly in their investignttion
1t was found that earth orbital backup teéhniques, that is, constant tank
angle reentrieec, ware completely unAcceptable and they developed a technigue
involving use of a conatant acceleration vhich {s expected to be both safe
and easily performed by the crew, Of course, simulations are necessary to
verify that. Unfortunately, after about 2 minutes into the reentry phare,
vhich starts at 400,000 feet, the backup technigue i{s not compatible with
the primary guidance resultirg in a significant difference {n where the
spucecraft will land, depending on wvhich fe ured, That is, during the
first 2 mimites of rﬂentry the automatic guidance system will control the
spacecralt during which time the erew will evaluate lts performance IonTing
to n GO[NO o0 decision on whethox - or mot 1t should be used, If they nlick™
with the PNGCS, and it works, they will land at the targeted landing point,
If they declarr it RO GO, they will take over manuslly, fly a constant
accelerstion profile and 1and at a substantially shorter range. The
difference betlveon these two landing points ic currently about 800 miler,
although it can probably be reduced somevhat without changing procedures
very much.

6. Thers a»e two schools of thought though. John Lliewellyn woull prefer
tn mke the closed loop guldance more compatible with this shorter rangr
backup mrle for obyvious reagons. It 1s Claude QGraves' arpument that to
de se will revervely cut into the ranging control needed to avoid bad
wenther whiech har been stated mg nome sort of a requirement i'rom ihe
beginning of Apollo. The issues are not black and white and probably o
not. reulre recolution {mmediately, Several things are poing on which
will help to mnxe thin dec:islon, For example, Claude Graver' people nr
looking inte how mich tw differsnce Iln ranging with the primry nnid
bookup modenr enn be reduced while still retaining the wenther avoidance
capnat:i1ity nnd rearcnnble landing point accuracy, Mike Collins offered
to look (nto the delay wr are currently experisneing in FCOD'A repponne
to our auery nbout preferabie reentry g profiles, This 1s of interest -
gince the backup mode rerusts in come 250 seconds spant in excerss of

T or b g'e while the primary mode glves two 50 second spikes up to 5 p's
each repnrated by about 3} minutes of low .'s. Apparently, the onboani
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prograns as they aye currently denigned rannot be made completely compatible
with a short range backup mode, although they vill handlie treajectorlies mch
closer to it than we are currently proposing. It was stated that complrxity
of procedurss for each of the approaches are relstively equivalent,

7. An apparent discrepancy wa. uncovered regarding the EMS initialization.
Specifically, prior to reaching LOC,000 feet the primaxry guidance sya'asm
wi oriegt the nBacecru.ft to oge of four posaidle roll attitudes: 157,
165°, 195° or 345, that is, 15 to one side or the other of stralght up
or straight dovn. It cannot be predicted which of these will be commmided,
Unfortunately, it ie neceasary that the EMS roll attitude indieator and
the spacecraft att{tude he the same whep it is started, and as I understand
it, this occurs substantinlly after PNGCS takes control. Actually, tho.e
of us present were not real sure how {t all works, and Claude Graves tock
the action item of finding out what the score in,

A, We'll work on all this some more and within two monthe we'll pet

together with NR and MIT too.
Bl i) T

Howvard W, Tindall, Jr.
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No change nerd~d in the landlng nlte detsrmination programs = L or
RTCC

1. During n Datn Prior!tr meerlng a coupie of months ago in which we
dircusaed ne ol for lunnr landmark tracking, we uncovered what we telt
to be A defictenny (n the Coloomis eomputer program. It was [n the
program whith ¢ veol T0v AT ATy tie location of the landing s te,
Implitelt In ‘“le prosram one the nwed for physicully offsetting th~
optice from the nrsecinted hnown iandmark to the center of the land:ne
flte Lteelf. An o verult, A program change requesrt (H!R) was prefanted
to the Apollo Dpesreadt foltwir: Conf tpuration Contrel Poard (CCR) on
Jamiary £ to rovpect thls defletency., It waa falt to be a randntory
ahange based on the informtion available at that time slthough the
procioe der oot thoad ot teen erwnhliabed,

s, 0n Jramnr. 10 o proap ot Flisht Crew, Flight Software, Mirs on
Planniny sl R oyl (nvn ntenclied 1let) met to discups jmplem ntne
tinn af thit jropyam clnge,  Resalis of ths meating were eevtainly
uhexprated, el townn roneluded thant the change was not peeded
At All At [ owan obvieet that the CCB should he no advisacd, Jt In
my underutnniing ttat MLT han pot netuynlly done any work yet and they
hiave boon rol'fled of o concliifon, Gome rather lousy operntlom]
proredupes _aprenr Lo bo_neeessary Auring the lunar lanoding miccion in
order to do hr jobt, .G thnt '~ not as a _reasult of any defie’ency in
thor_progrm.  The romiinder of Lhis nemo vill be cpent diseunriing
those Tomrr

vy e e toeand tupgerting Qo the Aepeent ean only b erformed or
Veaopreared, Vo mettonn e having W thut-withont commnliaentiont
fh o wenled Yoo tes e nt oanpd wilh commurientions the gronnd ciaald
Supply il o ver e ‘srammation,  Thun, the tagk tn be performed |
Par the pratind to beoompable af Lotermining Lthe apuesaentt atnio
wentop oaped to bl s tepee T oo o latent WHLR ane ARGL e e

b ol upon et e peyrform fhe paapcRaty ﬂgmmmrnrh YRS LN
Lovpgae by o gt b beee Ay e o LU f neerspnry rar the ool e
altlp frem © oo (M L L ot erve tions of the Innidminrk aseoe ind el
Wit the Lpeaire oty Tbomendly beoimmaterial whelher or not. Lhe
premepn el | i Lo eonfi e Ly Japding @it doendden) it 17T
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desiradble that the spacecraft Can cumpule the loomtion of the associated
lanfmark to assint {n auto optlea positioning Mt even this is not erfentisl.
The point is, the _capshilities that sre required are available within the -

y - ' (=15 probable we will utili%e \

‘ )
tnz_gﬁmmmwmm&mls_!t&

.\ ROV
L, The operatiomal problems came about from a variety of sources, Fla:t . )
of all, vhen the spacecrnft is in mn attituds permitiing optical observa. - 3
tlons of the lanalng site 1t is virtually certain tha S-pand antenna / LN‘
cannot be dirented toward $' 4 earth, This will prodadly ceusa cuncern
for a number of Tensons. The apecific one vhich concerned us vas that it
would not be posaidbin to obtaln the optical sbservations on the downlink
until the spucecraft had complated |ts paad and 0ould be oriented to
re-acquire S-Rand antanna loek on. ¥ven then it i only possible o pot
the observations on the downlink a# Lha crev processes them one by ont.
0f acurmse, this will nlwo result in an onboard determination of the land-
murk position, »f that 'n worth anything., The procadure is further
vomplicated by the act that thass cbaervationne-oup to five of them,
ench one of whicn odnn'ote of 0 optios angles, 3 IMJ gimbal anglen mnd A
timeeeefre stored in eraradle ywmory and are subject %o dastruction i
proper progrsm sedquencing is not obnerved, Yor axample, it vill probably
be necesgury for the crev to orient the spacecraft and re-acquirce BeBand
antenna lock on maauslly a'nce the computer prograns which Jo that job
probably share eranable memory with the navigation Program. There paYy
nlna be problema annocinted with timeline conflicts, For example, the
ppacecraft gooer \nto darknens almoat immedintely after making thrre obuer.
vations nnd it 1o axprcted that B platform alignrent will be required
during -he nipht time pasa, Furthermore, for & westerly launch site,
time between obtalning the cbrervations and passing behind the moon ty
only about 1% minuten whieh will make it necessary to do these things very
quiekly. Ant to further complicate mattors, 1¢ is prodable thar the M
hus Already baen manned foreing one man to do it all by himielf alons

i e

L9

with his many other dutien,

5. I don'" mean to be mking o big deal of this, rather I am Just trying

to glve some tnsight into the situation. In essence, programs as they

npe euri® tly planned for hoth onloard and on the ground appear to be ,
giequate.  Fairly oumpd  nted crew procedures will be necessary and will ' B
he develoiped, Chanpes . he programs even if they were ponsinie wratla

probably not relleve ° -aw Workload .lgnificantly. !

Hovard W. Tindall, Jr.
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PA/Chief, Apollo Data Priority Coordimntion

Extermal Delta ¥ for LOT

1. In & December 15 memo (67-PR-T-1MA), I tndicated that we werw
golng to perform IOl uring tve mawurers, I aleo atated that perting
results of rome studicr thep undervey we sxpected t0 use the !Dternal

- Delta ¥ guldnnce mode for thess mmrcuvers rather than Lambart steeving,

The prisary reason for doing this as to make the crew's monitorit.:
easler since Bxternal Delta V providc e 4 krovn enastant attitule,
wherens Lt was anticipnted the lastrrt stesring would be neftler
constant attitude nor of & knewn profflr until final trrgeting of *!n
mneuver, Hovever, the atudies hase now abhown that the lambert mode
can al:o be targnted to give n cen ®ant att{tude Lurn, and rince It
apparently hap fome other rath-r marsinal Venefitn ve have dectded to
felret ttn une for the first ctams of “he O] mancuver rathey than
External Deltn V., (The necomd a®ase of the LOT w11l etill be done
using External Delta V.) The mara’snl bten~fits to which 1 pefer are
a) slightly lover eensitivity to Alspersioms in spacecraft welght,
angine I' , Anl navigation state v=~tor, and b) reduced time w i}
rpend in er_nng about and Justifying ace of Fxterpal Delta ¥V ninee
therws are a number of groups, both al MBC and MIT, vho are convinsnd
the Lambert mode Lz superior.

©. Bob Ermill, pleas~ take note. It seems perfectly reasonatl- to
that the RTCC LOL1 targ»ting program shonld be confimur~d in accordance
with the above, That lo, If aignificant effort can be caved by not
providing n choice of nither lambert or External Delta V in the
programs, I would recommend you save that effort and denign the oyrtem
in mecordance with our lateat recent decision which I am nov relatively

confident - firm,
N

Rowari W, Timiall, Jr.

Altrerseney
(Sce attached itnt)

By 178 Narmpe Beomds Regalarly on the Payeol! Sarme Plan
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UNITED STATES GOVERNMENT

Memorandum

PE/Chief, 1M Project Engineering Division DATL: JAN 18 ]
08-PA-T=10A

Pa/Chief, Apollo Data Priority Coordimation

LTA-8 lunar countdown tests no: peeced soon

1. This memo is to close the loop on an ftem brought up in a mrmo from
Myron Kayton *o me (FGl-M-t1-r{, datel Decewber 29) regarding & lumir .
countdovn timeline test on the LTA-H. You sent your copy %0 mc etampe:d
Maction.® I reyiewsd this buninees with Ryron and some other peop)w.
The moet important point to be made ir that be dld not intemi %o inply
nddition of these tests tn the firs® -crien of LTR-8 runa, Yor onr
thing, Lt eus® b inn 1nnpar lant!ing eonfigumtion to be meaningful.
Furthermore, we dc not have a co.ntilcwn in tand for the crew to une
even Lf we wanted tn do 1*, Once we are ready to conduct lunar aceent
countdovn trnts, we will protably ex~refse them in the 1M8 sin-e ths
provides the Veat c'milatlion of thw overall operation, As a rupplem:-nt
to that, it my be deafrable %) incluis o or twvo runs with nctuml

ec . tpment nuch an would be avallatle on an LI, tut I would ik~ to
empharize a lmilation tost propram of thus nature has not been lald
out, L, any pmane, or 1z ita requlrewent clemr,

~, None of those T spoke to knxw wha' 1z erheduled in your 1A tont
program. For cxample, we assumr, hut ask 1P 1t {s true, that the LA
will be recycled throuch agnin, or is this n one shot affair, I 1t

{r voing Lo b Tun apnin we woruuld te interersted {n when you envirion

1t belng dore (n the lumar landing configuration, so that any proporals

we might mazs are compatible,
.
‘ m..,éP
wmrd W, Tindall, Jr.

Enclosure

cot

CE\",-,PI Xxnmwr
/M. Kayten
FO5/U. Parker
P8/i. loftua

PA:HWTIndall, Jr.:p}

Buy 11.8. Savingt Bondy Regularh on the Payroll Sarmgy Plar




‘width of the _-lmch vindow from the Lunar suefiee’
.. ‘Deltach 1intts in concentrle orbit, 80 S110V

N

‘B, Maxisum range during dooet, 1¢

. Abllity of the crev to successfully conplete the countdown.

within the leunch windov. e

1f we are certain that the crew can complete the owﬁm on tinlé; then
1f for some resson the countdown ves net

_ countdova might not finish on time either.
~ would be needed under such circumstances. s
LT ' ye cammot make such 8 fundamental decision sbout the width of the tminch ¢
" mw - windov without factual date sbout the countdown. I suggeat that a requirr
S LTA-8 for immediate lunar countdowvt simlations (perhapd

five trials with each of ten pilots) in ovder to evaiuate timeline nnd-

hardware problems and in order 1o ascertain the provability of on=time ... -
g{miltancounly, I suggest tM3 simvlntions to |

> completion of a countdcewn.
drtermine hov duiltein holds csn e ndded to the countdown. . The touchdown =
chewindow strategy we choost 1o :

T I

. a narrov vindow is suggested,
N . . completed on time, the crew would veit for the next pasy vhen the comples = -
N tion of the countdowvn would agnin be virtuslly assured. D e
= However, if potential [roblems cun arise during the countdown, w may - ¢
N wich to launch even if the countdown is completad late, since the next =
auilt-in hold _engnbuity_,--:_ a

and 1ifs-off tactics ‘depend upon which 1
: !'ouov._ o,

B ‘ eat . -

" PDB/J. P. loftu _ _
- CF2b/P. Kreamer _

w/ﬂ- Morris - s /

E021 1MCaytontb e 12-29-6?
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a/m.r, Apollo Data Priarity Coordination ..

zatest on TI

i S

e > GEog ot LN :
1. It looke like a1l ve need nov is Headquarter's tonourience %o
¢liminate command module steering of the 8.IVB during the n:
paneuver. Unbeknownst to me, YMIT was directad to stop vork on'
this program (P-13) shortly defore Christmms, They estimated that -
P-15 would becomr pacing if they 414 not start vorking again ®y - .
January 15 and they have Been told not %o start. Work going on L
Vithin MPAD and TRW associsted with this spacearsfy capabidity, 1,
also belng terminated and I recommend RTOC progrem and ansecisbeid’

MCC display requirements be dropped immediately, too. (of course, -
all effort roquired to make the TLI 0O/NO QO decision must e - -

continued,)
D. Durlng the nﬁm; recent discussions of LI, crow monitoring when -

the B-IVB is guidea by the Baturn systew has repeatedly come up. .
It is our current intention to use the average g progran (P-h‘rs.:
from which 1t will be possidle to call up displayn of veloelty, .o © o
nttitude and attitude Tateeeathe same parame ters that are avaflable - - -7
du~ing the launch phase, This will requlre a _smll program change S
whirh the Flight Software Branch is coordimting with MXT in S
preparation of the total PR« I have been told there is no scheduls

impact.

o Addreaueea: - '
(Bew attached 1ist)
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' 1. Avpamn*!\r, theye 1- n tm,lc provlem in tM ﬂt“
_Eyntem (ACS)}. Altlhumgh it ir net widely known, there h & Tumor o
the ncesl-Tomeiors do not work and 1t is highly likely odo Btvmicm
will elert tu provure Lhe AGH accelerometers from anghhef sodres. .
Pipec 11 1n ton Intn to obtaln and {ncorporate them fnto the nystas |
imgaediate iy, [Mey ond Wb will uee the origime) acceisrémeters in . ..
Cthe AGG. I Peltees 1t ja their Intextion to select thu hu. onéu
-;nvallnhlr in hopea af avatd'ng nn unoperable srabm.} 3

“e I amoriting thls note stuce, {f Lhe AGEH 1w connidand undepend--;:
ahle on L¥«1 and IMad, thia faer vhould be teken-into acgount im. - -
minglon pispaing nst data prierite decizions for thode misnjone. For.
_exnmple, 't seeme hichly undemiratle to glan on utiliring the Acd i’or
executling uf,"“""“""‘"" in a pominul nissicn as is cumntly; plamrd :
Misnion "U". : _

Ad-’!veutm_
' (&w uttat'hu ! L zm

-

Bovy 18, Sarrage Bon £ Regeedary s 1 l'.”ﬁﬁ'f Y,ﬂmgg Pl = R o '
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. Mission Planniag & Ansiysis Divisioa
Memorandum |
See 1ist delov | . pare: JAN 17 1968
" | 68-PH-TaT
FN/Deputy Chief

Crew famtliarization and training for TLI

1. During our many discussions on the need for commnd module
steertng of the S.IVD during TLI, 8 potential crew familiarization/
training problem became spparent. Specl.ficuuy, even if the P-1l5

CSM TLI steering is retained, 1t is not ‘obvious that it will ve
possible to make the AME faithfully reproduce the mttitude excurslons
vhich may be encountered due to such things as propellant slosh,
structural bending and, particularly, propellant utilization system
oscillations. For example, the AS=501 mission onci]%ationl around

the expected attitude apparently are in excess of 10”7 with some
rather high attitude rates, .
2. T checked with Jim Miller vith regard to fidelity of the modeling
tn the GSSC and ha informed me that all of these characteristics hove
peen included in their program, and it would be no problem for them
to supply open loop trajectory tapes to the AMB and closed loop
gimslations when the AMS is tied into the MCC. I jJust vanted to make
sure that all of you were avare this capability probably exisis today.
Jim told me he intends to run some AS-501 cases and compare the results
with cur actual experience to verify his system is right,

(Y

Howard W. Tindall, Jr.

Addressees:
cA/D. X. Slayton
CF/W. J. North

P. Xramer

C. D. Nelsen
FA/C. C. Xraft, Jr.
FC/J. D. Hodge

C. hrKET

H. G. Miller

d. L. Paules
FM/C. R. Huss
FS/L. C. Duneeith

J. Miller
PA/O. M. Lov

MM:HWTindall, Jr.:p)

Buy 11.5. Sarings Bonds Regularly on the Paymll Savings Plan




_—

10

PROM

SURJECT:

W : ¥ ’
TV, P S W p-or -
e ad s L 4 N S & ‘P
UNITED STATES GOVERNMENT .

. Memorandum’

FC3/Chairman, Ascent Phase Misslion Techniques mn:JAN 15 1368
dorking Group G8-PA-T.6A

PA/Chier, Apollo Data Priority Coordination

Som: thoughte about Lunar Ascent procedures

l. Cnarley, pleuse excune this mewo. It's to help me rememder and
lct aome othera knov what we're consider'ng,

e Now that we have almort certalnly loet 1! rendervous radar as a
tle brenker for AGB/PNCCS discrepancies In veluaity mmgnitude during
lunar ascent, ve vill have to pin down proecedures that are consistent
with vhat's left, I assure we will utilize the VI renging device if
1t turns out to be capable under mscent conditions (tuat is, miltipath,
range, etc.). Bince 1t is not on the telemetry dovnlink. I suppose it
requiree voice relay from the commnd module to the LM fon the LM crews
use, In addition to that, it scemn high®; likely that velou'ty mmgnitude
difference can be detected from the DEXY and DEDA during the y*nal stages
of sscent, both onboard the spacecrnft and on the ground, which {11
epnble ur to determine that a PAGCS engine shutdown will be undesimble,
I refer to the aituation vhere the AGE shows a significantly smmiler
veleeity magnitude than the PNGCB. Accordingly, specific procedures
will have to be established for preveniing the PNOCS from doing the job
by =anually inhiditing it and by taking over spacecraft control in some
way, I think we all agree it would be undesiradle to switchover to tne
AGS. 1 Think we also agree that it would be undesiradle to have the APY
"prematurety” shutdoun forcing immediate re-ignition to make up the A8
tinplnyed delta V deficlency.

by The quention before us is how and when 40 ve avaluate the delta v
deficiency, vhat ia the limiting value, hov does the crew inhibit the
srhutdown wignal and what sor% of attitude control mode will be used?
Following the maneuver, what will be the nrocedure %0 determine vhat
the situatlon really 1s, that ie, AGB right/PNOCS right, and how do ve
handle the altuation sudbeequent to that?

“e It would be intereating to know maximum diaparsion in Arcent burn

Lime, Tt would be interesting o knov hovw long it takes to re-ignite the
APS once the PNGCS hae shut {t aown, It would also de interzsting to

Buy U.5. Savings Bonds Rigularly on the Payroll Savings Plan

y
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xnov vhat sort of transiemt you coutd expect 1!1

from the PNGCS to the

suppose that may not be & totally unacceptable procedure,.
\

cel
CB/E. Aldrin, Jr.
C. Conrnd
T. P. Stafford
CFol/P. Kramer
cF32/7. Guillery
EGh31/M. Feyton
c. T. HGCk].Qr
PD4/A. Cohen
FA/C. C. Kraft, JT.
F¢/D. B. Pendley
FC3/A. D. Aldrich
FCh/R. L. Carlton
FC5/P. C. Shaffer
F85/7. F. Gidbson, JT.
Je Willinms
™M/J. P. Mayer
C. R. Huzs
M. V. Jenkins
a3/3. P. Bryent
J. R. Gurley
E. D. Murrzh
A NHathan
FMibk /R. P. Parten
FM5/R. E. Ermull
F¥7/S. P. Mamn
R. Q. Hobleﬂ
FM/Branch Chiefs

W (Honston)/R. Poudresu

PAHWTIndall, Jreipd

Wovard ¥, M™Mndall, Jr.

you actually 414 switchover

AGB with only & velocity magnitude difference.
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UNITED STATES COVERNMENT
NASA- Meaned Spececralt Canter

Memorandum Mosa P & fosis Ovko

¥A/Cbatrmn, Apollo Spacecraft Software oare: JAN 11 1868 /)

Conxfiguration Control Board - 6B-FM-T5

'
14

P/Deputy Cntef A 7 ?i/;’ |

AQB/PNGCS incorpatibility review - Chapter One

1. At the January 8 meeting of your OB I was given the sction item of
revieving ACS 8CP's Nos, 3% and 35. Sjecificslly, I was to dotermine
our position on the advieability of making these changes which you
tentatively approved at that meeting, and, in particular, we are to
satisfy oursclves that the AGS ard FROCS wvere puffirniently compatible.
This memo i to report the resulte of that reviev,

2. AGCS SCP No. 34 dealt with changina the limlt on ‘¥. as a function of
vehicle conflgpuration. This paramrtrr, known as the "Jerk" (that is,
mte of change of acceleration), inTluences attitude control of the
spacecraft in the event of cwitching over to the AGB during a descent
abort or during ascent. This changs makes the AGS compatible with the
PWGCS for monitoring purposes as well as pinimizing attitude changes in
the event of a switchover after 15" ceconds into the powered descent
maneuver. More important than that, it provides a safer insertion
perilune if the AGS is utilized, ISpecifically, 1% vould always aim for
a value of ©0,000 fret. This charge does make the AGS somevhat income
patidble with the PRECS during the first 150 seconds of this maneuver
vhich is a rmmll disadvantage to the change, However, it wag the
consenegus that the advartages far ocutweigh the disadvantages and we
agree with your direction o Y regariless of the cutcome of the
following proposal, An sdditional factor that came out during our
meating vas that it is quite desirable to change the PNCCS to operate

in the samr way as the AGE and & FCR i being prepared by Floyd Bennett's
people for the conelderation of your panel, Although this certainly
cannot be considered.a mandatery PNICS program modification, it provides
three slgnificant improvements. Specifically, it -ould make the AGH
compntible with the PNGCS throughout the antire descent phase, More
important, 1% wculd cause the FNGCS to target for a safer perilune, And
most importart of all, we woull be able to move the mode change limit from
150 seconds into the power=d dercent to a mich earlier timee«-probably to
a value of =0 seconds or less; this reduces the probebility of having to
stop and rmetart the IPS by that amount, Thege final remarks are to mke
you avare of the atalus and are, by no means, meant to convince you of
the desiratility of this program change, '

By 1°8. Sarings Bonds Regularly on the Payroll Savimgs Plun




3. AGS SCP No. 35 is a small change to compensate for dispersiones In
cutof? altitude by adjusting the cutoff velocity. I believe the mumber
vroposed is T fps for each 10,000 feet altitude error, It was our opinion’
that it vas a desirable change in the AGB since it will provide a somevhat
better ipsertion orbit with no apparent disadvantage. The resulting incoma
patibility with the PNGCB is trivial with regard to guidance system monitore
ing and certainly does mt necesgitate a 1ike change in the PNCGCS. 1In fact,
we do not propose that that even be considered,

L, The above discussion deals with our specific action item, but implicitly
there was a mich larger one, namely, review the overall AGS/PNCCS compatibila
i1ty situation, Actually, Floyd Penpett had personnel of his branch already
engaged in this mctivity and a memo outlining all of the identified differ-
ences is in final stages of preparation at this time, Both of the items
discussed above, of course, were included on this list. Once they have
amtiafied themselves that the list is complete based on discuseions with

all interested parties, we will reviev them In deta!l and prepare a presenta-
tion for your panel descridbing the situation and recommending altermte
courses of action for consideratiom,

Li

Rowvard W. 'I'indlll, Jr.

el .
CB/E. Aldrin, Jr. Bellcorm (Hgs.)/R. V. Sperry
C. Conrad MIT/IL/R. R. Ragan
T. P. Stafford TRW (Bouston)/Re Boudreau
ﬂ'/’d- J. North
CF2Lh /P, Kramer PN:fWTindall, J¥.:pJ
g‘(ﬂ. A. Gurdiner
M. Kayton

PDh Ao COhen

FC{J. D. Hodge
FC4/J. E. Rannigan

R. I.I- Cf\l'lton
m5/ﬂ. 8. Lunney

C. B. Parker

P. C. Shaffer
¥3/L. €. Dunseith
¥85/J. C. Stokes

T. F. Gibson, Jr.

J. Williams
FM/J. P. Mayer

C. R. Huss

K. V. Jenkins
FM13/A. Rathan
FM7/8. P. Mann

R, 0. “Oblel
FM/Branch Chiefs
™2/J. D. Payne
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_ UNITED STATES GOVERNMENT

- Memorandum -

" 0dds and ends about lunar landmark tracking |
- : i .
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1. This memo 1s Just to pass on some rusbers wilch I found interesting =~ = -

when reviewing the lunar landmark orbit determinmuiion procedures, It

is pot intended as an argument "for® or "sgainst" using landmark tracke

ing by the commnd module for navigntion.

2, It is Jonn Dorerbach's opinion that in order for a landmark to be
.visible by earthshine it must te in %ic order of 3,000 to 4,000 feet in -
diameter. It is his estimate that landmarks located by Lupar Orviter
photographs could be pinned down to within about 4 to 6 kilometers.

3. I would conclude from this that landmarks in earthshioe and Isndmmrks

LA e

located by the Lunar Orbiter could be nsed tor onboard ordit determinstion, -

but that the resultifig ephemeris would be s:gnificantly more in error than
putlished estimates of iandmark t-mcking pavigation accuracy using properiy
11luminated and located Job-ee-~dcs, as Pele Conrad would say. .

S

Hovard W, Tindall, Jr. =
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UNITED STATES GOVERNMENT

. Memorandum

.

Y

T A bare: JAN 11 1860
L) GlePRTeIA

't PA/Onief, Apollo Dnta Priority Otordimtion

SUBJRCT!  First 2 houra on the moon 18 8 countdovn to launch « simulated or veal
- Ehing, ' o -

" 1. Thone wio participated in the STAC presentsation alresdy know thie,
" but perhap= some of you, like me, had rot hesrd, It ig currently o
proposed tha* on the lwar landine cission the £irst two hours on the L
lunar surfacu will be devoted to spicecraft aystems chmcks and launch - - . "
preperationr which, for all practical purposes, al@ulates the final e e
two hours tereve gscent wnd rendezvcus, Going through an op it ion ol

llke this has & number of obvious len~f'its, It's a poocd pre-nscent IETEE
"simlation” which lets you £ind it early 1t Shore mre probems , S
associated w!th tumt operation such as parformiag the heneacary tigks - e
. vithin the time allotted. Ana, of course, [t prrpires the mpscocraft - o “ar
« . for lift off at the end of the commnrd moduln's firsi revelutiow s¢ ... 5.
i that action ie required in respongn to some umergency nituation, Aiso, | -
; .+ T4t makes the countdown for that event the sams as the countdosi for R
' . the nominel ascent lunar stay--thet ia, staniardiree procedures.

5

2. In preparing our misslon techniques dats flow ve are assuming that

- the lunar operation will be cowducted in this way.: I Assime those ™
responsible for planning other facets of the lumyr operation are dotug _ -
the ssme, ﬂ L .
- verd W, Findall, Jr. |
Addressees; . E R L S T
(8ee attached list) -

-




LNITLD STATES GOVERNMRNT MASA < Blaoned Specectalt (omter

Memorandum e Puming & Aust e

10 - : “Bee 1lat delov parn: JAN 09 B8

Y= T=

™/Deputy Chief

Luner laplins lighting constraint “hanes

1., I have been Celinquent eni I apnlogite £°r not eemling thie note
arcund sconer. About a mnnth am - Temr—ed 'noa i7eouszsion w't o T
Lofrus *ha% 1* s nis recommeninticor, AFPAIv-TLlY taxed Of CONAl tmrad e
analysls and reviev, tmt *nhe Accaptanle sim-angle=ntlumrelan! no
seypiaries sould Yo Teviset, An I urderetat 1t tre oll sug elrvhae
vign angls A% *he ATALIng point LiniTA et Ywtween 4 Any 0T 0N
orer to rei.~e *ue poseibtllty nf 1igr® "a Wytho s o I8 re e ts
tng LAt thr e ¢ anged to vetwesn ) ent . 1 Ao mat gknov he
atntup of sn.r, *nal ls, whather as%iar *ms beeh tnken 0 ERke U0 cee
velusa of £ &l Ar not,

Te I ymy mr- tnteTested o racommend yew get tn *orien with Joo Doftan,
You hav» protatly alreedy heard tnte, i tews tust in capel e

o
R~mrd W, !w(ll, Jr.

Lidrwpaeeny
™mJ. P. Wy-r
_,C- nl Fuss
K. V. Jeuiins
™MLY/ 2. P. Frymn®
Je R, nirley
E. D, Murrah
Ae Bathan
Yk ‘2, P, Purten
TN/ R, D, Watrer
e/, B, Frrull
MI'S. P. Manin
R, 0. Notl~e
W/ BRranch Chinfs

n:wTtsisll, Jreap!

By 1N Sporwy Bowdi Kegulary o ke Jrove SN giergs Faw
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UNITED STATES GOVERNMENT

Memorandum

pD/Chief, Systems Operations Branch parg: December 13, 1968

68-PA-T=2ThA
PA/Chief, Apollo Data Priosity Cooriination

AP and DFS operntionnl cor.'rnints clarification is needed

procedures for desernt abort (and nominal accent, too) can be mde
pignifienntly simplior {f we accume tt ip poneidle to Opernte the b
and AP3 engines to prorellant depletion, You have {ndicnted this in an
acceptadbls wny to opernte the mupines both verbally and in writine, and
minnion techniquea hnve been deyeloped bared on that, Thin memo 18 toO
requent that the officinl Operntlicnal Dnta Pook be updated to reflect
thia constraint « or really 1aek-0"-cenatraint,

Another characteristic of the DPe waleh rhould be clnrified in the Datn
ook 1m the renl throttlie up conatmiint, Currently it shows n requires
ment for at lemat 15 seconds operntion at 10 percent thruet prior to

throttle up to provide sufficlent time ror trimming the gimbnls, An 1
understand it, englne stability ls the only real constrajnt nnd that

tnkea much less than 15 seconde. This nlso han an influence on dercent
abort proccdures since the LM spnceeraft computer ir pow programmed tQ
command full thruct immediately and we'd prefer tn operate Lt thnt wny
1f this 15 escond conntraint ie not resily valid, And we're currently

arpuming that it's not.

Pleare call if you have any question and let me know as soon as poanidble

if our aspumptions are wWronsg.

Hovard W, Timdall, Jr,

[l A
FC/E' rl mlo: . . - ..A:,,q..mw
Fek /3, R Craven
762/Ce To lnckler L _ ~ _Q
WDO e Owen &J) “ t.. ‘i; 3 \J ‘: ; . J :
FM2/F. V. Bonnett Y 2 uR Fi0e 8 o
FMG;Eo C» Linsterry ‘L .~ - . ) :‘ . , 'E
FMT/M. D. Cnraettl LU !3 S )
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PA/Chier, Apolloc Data Priority Coordimmtion

Revision to tha €' funar Orbit Activitis- Document

Attached are the three ohabee pagep Tor Lhe &' Linar orbit Activitisp

Document. The chanpes are <irndicated by the black bar on the righte

Ao ST

Hownrd W. Tindall, Jr,

hand margin,

Enelosures

PAIHMdnll, Jr.tdn
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1. INTRODUCTIOM

This document discusses the activities schedulsd to take place
during the ten orbits of the nominal C-prin.. lunar miasion. The major

activities discusued are:

a)
b)
c)
d)
e)
f)

R)
The primary

a)

b)

c)

o)

e)

f

r)

MSFN tracking coverage
Na+igation sightings
IMU alignments

Uplinks, downlinks and voice (PAD) data . B
Contingency situations

Photographic

Television

objectives of the lunar orbit are:

Obtain data for postflight analysis to evaluate the
errors in MSFN orbit preaiction solutions.

Obtain data to allow postflight evaluation of the
crrors in lunding site determination.

Evaluate the procedures for lunar landmark
tracking with respect to vehicle controlatility
and the ability to visually acquire and mark on
landmarks with the SCT,

Obtain data for postflight evaluation of the space-
craft Orbit NAV Propram (P22).

Determine the minimum sun angle at which lunar
'andmarke -an be identified with the clarity
required for tracking.

Obtain photographs to be used with simulators to
provide crew training for subsequent missions.

Obtain photos of the lunar far side and eastern
limb where previous photos were of poor quality.




5. UPLINKS, DOWNLINKS, AND VOICE (PAD) DATA

State vectors to provide the block data reference for TEL, in the
event an abort is required, will be uplinked by MCC-H for svery rev
except after 1.OI-{ and LOL.2, For these two canes the CMC navigated
state vector is assumed tn be the best vector available at the time.
(T}_wl_a CMC vectors will be avalusted by Data Select in real time as
tracking data is obtained,} The uplinked state vectors will be based on
tracking data obtained durlii: the previous orbit and the vectors will be
time tagged immediately prior to the next TEl opportunity approximately
{ hour later (1/2 rev). These vectors will he loaded in the CMC LM slots
only rather than in both CSM and LM slote, The load is accomplished in
less time with this procedure. (Three minutes are required to load a
vector into either CMC slot. ) If the uplinked vector is needed for an abort
the crew wiil perform the 4 DSKY entries required to transfer the vector
from the LM slots to the CMC slots (UNZAP) The P27 links will occur
after passing the moring terminator but prior to the P52 alignments,
Figure 2 shows the approximata location of the SC for the selection of

these programs,

Assoclated with these state vectors 1s the block data sent up every
rev to provide the TEI maneuver data, Tables | and 2 show the typical
abort pad format and data transmitted each rev, respectively, The
ground does not uplink abort maneuver data to the CMC for P30, Target
AY data is loaded into the CMC only for planned maneuvers { LO1, TED.

The state vectors for the planned maneuvers {LOI.1, LOI.2, and
TED will be uplinked into both the CMC and LM slots., This is & safe-
guard in the event only the LM slot {s loaded and the crew does not
UNZAP the LM vector, After these planned maneuvers the integrated
CS8M vector will be transferred to the LM slote (ZAP).

To ansist the crew with the landmark sightings, the estimated
ground elapsed time of clar st approach to the firet identification peint
(1) amsociated withth . -.'~ <rky will be sent by the ground, Crosund
olapsed time wi'' be periit. ! fap the closest approach to the unknown
landmarh iP's -10r to tie saret time they are to be tracked and for the
clns: st approach to the pseudo landing site landmark IP prior to each

time it {2 to be tracked, 4
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FA/Chtef, Apollo Daiue Priority Coordination
F Misaion Trchniques « IM Checkout

On December 6 we had our firnt F Miscion Tuehniques meeting dealine
with pre-DOI nctivity, It rerulted In a lot of thingm I never expeeotod,
nince I thought the timeline and procedurve for LM checkout and CUM
innding site tracking werr pretty well errmnized ard acceptnble with
Just minor tune-up, At thir mecting ve really choolt up the world nrd
nre now looking into nubotantial changrs in overnll concept as well an
chnnges to the detailed technlques. The two most sipgnificeant, propornls
under consideration now lnvolve the following:

n. There are pood rearons = ani a strong deelre on the part of
the crew « for menning and checking out  he LM prior to puttin: on
their bunny suite (PGA's). The signiflcance of th'r ne I underctand
{t 1t thnt the crew feels they can perform their tasks much eacler wlthe
ont the suilts on = tnecludine moving from one spacecraft to the other
guickly nand ean{ly and then ruiting up at come convenient time integratnd
in with the other activity Just p_lor to DOI.

b. Everyone is now rerjoucly looking lnto the bencfits and Jis-
advantages of acheduling n peried of 1M checkout prior to DOI Day. The
{dea 15 to pee if it in poenible to shorten DOI Day by manning, powering
up ana checking out many of the IM systems, andl then povering 1t down
araln prior to LOI (actunlly before the last translunar midcourse correction)
or immediately after 10Iz before the re.u period. Of course, it must be
determined that checkout cnrried out at thls time need not be repented
after powrring down the 1M ! that the time and energy npent during thie
enrlier period is not too expensive. It muct be emphatically statec that
our decisinns must be based on G minelon constrninte since they my be
tougher to mect than the F mission. The point 1. that we certainly do
not want to set up a specinl technique Just for ¥ since one of our primary
objectives i: to une F as a drees rehearsal for 4.

1f we schedule a pre=I0I period for IM activatiocs and chock;. *y the
configuration on DOI Dey wlll be:

ne 1M wlll be prescurlzed

b. Drogue and probe w'll e stowed in the ¢SM (eny structure or
c.g. problem for 1.017)

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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And the Tollovwing system ehecks will have been made:

n., D-land gterrnile hao been chrekrd

b. VHF - B nimplex checked

c. COAS and AOT lighting checked

d. LH checked

. LM SaBand (PRE) ranping DO accomplished
. - (bin resulntor checknd

g. DIt throttle checked

”

h, Oxypen purge system checked

1. RCS cold riring (requiren LGC nnd IMJ vowered up)
J. Gimbal drive tect (requiren LGC ani TMJ powered up)
X. PONCS pyro drifh cnecked

1. FPIPA syro drift chiecked

m. CEN rnte gyro checked

n. LCC E-memory dumped and cheeked = ana roloaded if necennary

Arvnin, the mnjor reacon ror doinp thiz lz to reducs the pre-DOI Limellne
since on toth F nnd G the DOI Day han growvn exercaively longe. Opeeei-
flenlly, the current tim:liné provides ntout 10 hours hetween wnkeeup
and the DO1 maneuver., More than one<half the dnay in jone before they
cven ntnrt doing nnything.

fo you vee quite different than my nnlve pre-mectlinge impression, we hnve
n lot of thingrn to do to et this thing gquaret away, but before we enn
rvenl do thnt we have to pot nome falrly sipnifteant decialonn on the two
{tem: roted above, Of courane, we miet do enouph work to supply the dstn
required to pet these deetslons, unlesr someone wanin to arblitrarily
chonne our courne of action, We intend to get toyrther apnin on Fridny,
Pecember 1y to continue our dellveration, In the mwantime, we are hoploe
to pet rore opinlons {rom nround the country wh ther thin 12 n insone

npproach or not.
< - -
\(‘u\ L

Hownard W. 'Lindnll, Jr.

TA :HWTindnll, Jr.:js
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Memorandum

Bee list attached pATR: December £, 1968

68-PA-T-266A
PA/Chief, Apollo Data Priority Coordination

C' Abort Mansuver Overburn Monitoring

In response to a C' Mission Technicuus action item, Rick Nodles
informs me that they have established the burn monitoring procedure
to guard against overbumn during any non-nominal ' maneuver. As a
standard procedure the crew should manmually shut down the BPFS as soon
an the duration of the bhurn exceeds the nominel vajue by one percent
and the B8 AV Counter indicates an overburn of one percent over its
nominal reading. The nominal walue of burn time & unter
reading are included in the PAD messages and block data relayed from
the MCC-E for all abort maneuvers. {Current Mission Techniques
Documentation reflects this procedure.) It is to be emphasized that
this overburn monitoring procedure i{s only for the non-nominal maneuvers
and does not apply to TLI, 10I, and TEI for wvhich specific techniques

have been developed. .
p’n, »‘

Howard W. Tirdall, Jr.
PAHWTindall, Jr.tjs
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UNITED STATES GOVERNMENT
Memorandum

20/Chief, Quidance and Contol Division " DATE: December 5, 1968
68-PA-T-265A
PA/Chief, Apollo Data Priority Coordimstion

GDC required for M

e icference to your November 18 sesmn to me in which you state that

tae Gyro Display Coupler (GDC)} is required to bu opersble for commit.
ment to TLI, I would like to assure you that current C' mission rules
reflsct this requirement, It is agreed by sveryone I have talked to
that redundant attitude reference systems ars required prior t¢ lesving
earth parking orbit and, of courae, without the GDC there is no bvackup
to the GNCS.

Please excutrs this late reply. I took action on receipt of your memo
and then failed to inform you of it until I recovered it yesterday from
thr bottom of my "Immediate Action" basket.

M@H.’ﬁn«n, JTs

ces

PA/G. M. Low

¥C/C. E. Charlesworth
PCS/C. B. Parker
TRW/Houston/R. J. Boudreau

PAtEWTIndall, r.:)e
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Bee list below DATR: December k, 1968

_ 68-PA-T-26hA
PA/Chief, Apollo Data Priority Coordination

Some Mission D contingency plana

During a recent D mission rules reviev a couple of interesting thingn
came up that 1 hadn't heard of beforv. Tou probably ought to know
about:

a. The crew is considering mmking the docked DPB burn even 1f the
PGRCE has falled. ‘They wonld dm thie by turning off the gimbal trim
motors - leaving the DF3 {in its pre-lsunch position, celting the AGO
attitude control to pulie, and? maruslly controlling attitude u<ing the
lateral translation RCE thrusters. ‘hey intend to check out this
procedure in the'r crew treimer. And, this muy be the only place 1t
gets checked out befcre flight!

b. There was quite a discu=ssion ahout what to do If they ure
unable to saparate the 1M and the S-IVE, The crivw seemm inclined (o
man the LM nand power it up suffrictently *to permit staping the DFS,
That is, they would lerve the DPS correctied to the C-IVB and pull out
only the Ap:ent atage. It is not elear hat can be done with the LM
in this confifurntion rrd o it is not clear vhat benefit ip derived.
Also 1t 1z ne* elear what rizks ure involived. Poth of these are beingo
evaluated it ordey tn o~ids if this ls vorthwhile or mnt.

. ;{ g"""'—*‘_“"—
foward #. Tindall, Jr.

Addresseesg:
FM/J. P. Mayer

C'. R. Hu3s

Do He Ov2n
FM12/R. P. Parten
PM/Branch thlefs .
MIT/IL/M. . Johnston :
BR/Downey/3. C. Johnaca (L), ABMA

PA:MWTindell, Jr.:)s
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UNITED STATES GOVERNMENT

Memorandum

: Bee list below DATR: December 2, 1968

68-PA-T263A
PA/Chief, Apollo Data Priority Coordipation

Proposal to add something nice to the F miesion

e et

If 1t makes sense, T wmld like to start a campaign to add some actual
povered descent into the P miesion with an abort about 300 seconds
after PDI or wbenever it is that the DPS can return the IM to the
desired orbit., Could you people pleasge give me & list of the benefits
we can obtain by doing this, such as:

a, Reallistie full duration BDID test

b. landing radaxr tests

c. Powered flight MSFN data to test the Lear processor

d. PONCS guidance test

e, Shortening the rendezvous two hours

You might also identify hazards. If the resulta of thie survey are
positive, I vill put together a propesal and try it out on our leaders.

(b

Howard W. Tindall, Jr.

Addressees:
rch/J. B. Hannigan
J. B. Craven
cP2h /M. C. Contella ,
Bc2/C. T. Hackler
™/J. P. Mayer
C. R. Ruas
D, H. Ouwen
™02/R, P. Parten
FM/Branch Chiefs

- MIT/IL/M. W. Johnston

PAIHWTindall, Jr.i)s
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Memorandum

fee 1ligt attached DATER: November 29, 1968
68-PA-T=262A
PA/Chief, Arollo Data Priority Coordination

D Rendezvous Mission Techniques

Thie memo in to tell you about the results of the November 25 D
Rendetvous Mlorlon Technlgues meeting, Except for a number of small
clean up itema, we apent most of our time talking about how to handle
slippage of TPI time and incomplete Inaertion and Phasing maneuvers.
After an exhausting diacussion, I think we have those items under
pretty good contr.l now.

l. There was a discunsion of various techniques for sborting from
the mini-football. The only procedure we will pursus is for the CSM
to mke a "twenk" maueuver at the horizontal crossing if necessary to
return the twvo spacecraft %o a norinal relative motion mini-football,
This maneuver will be made only if i1t 1s known that an abort {s required,
It shall be based on a chart the commend module pilot carrys,

2, It had previously been decided to stage the DPS 1if the IM must
make the TPI mancuver - abort from the football, Of Lhe several
techniques ;?oymned, the one mort favored now to preclude DPS recontact
is to impart an out-ctf'=plane AV to it an part of the TPI_ maneuver,
The crew in going to try out the following procedures in tfe similator
and 1f acceptable we will stick with them for flight.

8, Just prior to TPl TIG but after Average g comes on, the IM
will thrust laterally uring the y-axis RCS jets to build up approximately
5 ps out-of-plane,

b At TIG they will start thrusting with the plus x-axis RCS
Jete nnd etnpe the DFS ar soon as acceleration exisis. The out-of-plane
AV 111 ve removed with the TPI thrusting with the x-axis Jets by
yawing the spacecraft (i.e., cpacecraft roll), (We are told there is
no problem in reinltinlizing the nttitude control DAP for the staged
configuration In SUNDANCE.) If the CSM is active for TPI_, the IM
shall not stagk the DFC, °

3. It hnd been recornized that when computing TPI in the football
trajJectory 1t {s porcible to get two different solutions since there
are two times the relative angle between the spacecraft pasges through
Z7+% degrecs, Both MPAD and MIT have run analynis to determine what
happens and how to handle the aituntion, The following tnble rummaries

Buy U.S. Savings Bond: Regularly on the Payroll Savings Plan




the results:

Time From Phasing _ FGICS_Operation
0 to 45 minutes Alav: zade (no solution)
45 to 85 minutes Desired solutior obtained (TFI = 70 minutes)
85 to 87 mimites Wrong colution obtained (TPI = 87 minutes)
Greater than 87 minutes Fails to converge !

The nominal TPI time we wert _c une {8 about 7O minutes after the
Phasing burn anf 1f the crew uces that value as mn input to P34, there
should be no trouble since it's well inside the boundaries which yield
the desired solution,

4, Experience ms shoun that th crev simulators - LME and CMS - de
not accurately dupiicate the true spacecrafy guidance system with respect
to the time the computers take to perform their operations, Specifically,
the crew trainers run considerably faster than the actual flight computer
and if not taken into account, this characteristic can badly mislead
those responsible for setting up crew procedures. As a result;, we levied
an action on MIT to determine the actual, real-life computer ‘time required .
to perform s list of specific opermtions. This list is included ag an
attachment to this memo. Based on thie, I'm told the simulators can be
fixed to be mor: realistic.

5. At this mwoling we finally defined the acceptable TFI window
and the procedures to be followed in the event TPI falls outside the
window. MFAD reports that the currcrt three sigme estimmte of TPI
time dispersion is hat L minutes, What I mean by this is that by using
the IM radar navigation to perform the CSI and CDH xargeting, arrors
can result causing the time at which the nominal TPI elevation angle
actually occurs to he as much as four minutes from the time the tara
geting wes almlny for., FCSD reports that the scceptable TPI window is
3.5 minutes which you recall, is centered about the nominal TPT time «
25.5 minutes before the CSM breasks into the sunlight. You car see from
this that we have a very good chance of belng within the acceptable
window, However, obvicurly tachniques mint be davelopad t¢ handle the
case when we ming,

a. Our discussion revenled that it im unacceptadble for TPT
to slip earlier than the 3,5 minutes before nominal, since that would
cause braking to occur in darkness. Accordingly, if that occurs the
crevw will recycle into the TPI targeting program (P3k4) using the Time
Option with an input of the nominal TPI time.



b. Diecuseion also showed that, although undesirable, late TPI
ir not unacceptable and, in fact, it is preferable to continue to use
the clevation angle option with a nominal 27,5 degree value regardless of
how late TIQ occurn. And, mo this ir what we shall do,

Ar you ree thon, we have n fnairly eimple lorle to gulde the crew in
chooning thelr procedure, That is, the crew procedure {g basrd on

)] “whether the TPI time nn determined onboamt the apacecrnft occure earlier
than 3.5 minutes before nominal TTI. Since they only have to ricycle
{’ the TPI compitntion awitching to the Time Option If the TPI {s too early

by more than 3.5 mirutea, they aluayr have at lrast an additionnl 1.5
minitep to take nctlon, Thin maker it poreible for the crew to walt for
the finnl computation af TPl after the 1lant rendegvorns navipation to
mnkr the deciricn of wiilcrh way to ro.

—

6. There 1e a problem brought about by thin procedure with regrd
to whnt the MCCell munt do for the TP FAD mrnrape,  This dnta = relayed
by volee to wvie erew « e normlly ured for two thingn. Firct to verify
that the onboard puldnnce nystem - working ncceptnbly and the necond
In to provide a backup maneuver to e executed {n the event it i= not,
The procodure not-d nbove precents nn obvicur problem £ the crew hno
ty po Into the Tim QOptlon slnes there ir no way for the ground to coms
ptite n compntible rolutlion for comparliren.  Accordingly, the following
rreceduren were developed, which are only uzed 1f the onboard eolution
of TPI timr ls more than 3.% minutes early:

n. The MCCall computer nil relays only one mnnruver PAD mesnnpe =
n ly, a mneuver bazed on exeeuting TTI with an nlevation angle of
£T+5 degreen, repardlenr of when TIO oceourr,

bs  Even thouph the LM erow determinen that TPI time 128 too
early, they will enll for tha 7.5 depree [}V rolution and compare 1t
with the pround dnta to delermine I thelr IGNCS 18 working. If it 1in
neerptable, Lhey will uee the proeedure noted in Sa nbove, ealling for
the Time Optlcn with nominnt TPI nnd continuing on without a pround
tackup mancuver,

¢, If the IM comparioon with thr pround solution is not favorable,
the CHM aleo comparen Jte 075 degere TPT solution with the pround and if
aceeptable, will reeyele ipte the Tilme Option of P34 using the nominal
UPT time and will execute the rerultant mencuyer,  In other vords, it
the LM TONCT L1 broken sml the COM GNCS In working, the CBM should beoome
netive for TTI,

de If the COM nolutfon lr nlro found to be unncceptable, the
LM erow shonld compare thelr chart solution with the pround and execule
it 1t necoptable,




e. If all of these fall, we have a situation in vhich TP has
elipped too early, both spacecraft fuldance systems have failed, as has
the LM backup chart solution and there seemms nothing to do but to perform
the MCC-H solution. Poy!

Te A lengthy detniled diecussion of vhat to do in the event of
incomplete Pmsing and Insertion mmneuvers led to the followving Mission
Techniques:

A. Phaaing

If the DFB doer not 1ight or If the DM lights dut ehuts
down prematurely, do not atage, mull horizontal AV's and if posaible,
trim radinl (x<body) AV to within 2 rps of nominal, Thia places the
IM in a football, its nize dependent on the eatent of the AV Mmined,
Then it ia necesnary to choore nne of the following courses of action
in Real Time, deprndent on whrt cnuest the premnture shiutdown,

(1) Execute TPI, from the present tmjectory this rev or

next,

(2) Complete the phusing one rev later (CBM shall be mirror
image tarpeted for this maneuver) usine DFE under PONCS control, RCS
(Staged), AFS, or CSM (RCS or SFS) followd by TPI_ at the next opportunity
or insertion a gquarter rev wfter that, o

Thie is an appalling numter of choices vhich mist be
substantinlly reducsd before the isht tared on systems conaidernt!ne,
mirpion objlrotives and extent of flexibility alfected by the crew
proceduren, The latter La extremely important since the proceduren
aAre complex and compleotely time deperdent; they are not easy to recycle
into,

b. Inaertion

(1) If DPS dors not start, stay In football by nulling
out Ulhge-

(7) 1Ir DPS doce atart, the primary goal is to complete
the burn ueing RCS with AFS interconnnct, If the AV required is
greater than about 8 fpe, staging ls required.

(3) 1In order to be prepared for some mysterious time
eritieal problem divcovered within one minute after TIG, the C3M will
be tarpgeted with the same burn an the LM to bo exscuted with a one
minute delav. Thio {n not a mirror imge burn. It tulls the IM burn.




P

8+ MIT reported on an 0ld sction item that the COM PIPA bias check
cannot be conveniently reduced below 256 seconda duration,

9. 1In case everyone has not heard, the BUNDANCE program has been
fixed so that the crew can use the rendervous radar self-test program
(ROL) during terminal breaking with the Average g program (Ph'?‘sJ Tunning
similtanecusly., That s great!

10. Although not part of the D mierion remiezvous, our final
discunsion of the day involved what the CSN nhould do during the docked
DP3 maneuver, Options for the COM are to une the BF8 thrust program
(Pho), the RCB thrust progrmm (Pil), or the Averngn g program (Pu7),
Due to & limitation In the dlsplayc awvmilable in P47, which we know
vould work, the crew would prefer to ure Pi0 or Phl. We're not too
sure how they will do so we apked MIT to look into how emch of thrse
programs would opernte during the docked DPS turns such that we may
make a final choice,

I don't expect to hnve any more full blown D rendezvous r otings

untll the final review of the Mission Technigues Ducument now
scheduled for dlstribution about December 16, Thic review will

probably be about Janunry 10, 1969,
(um

oward W, Timiall, Jr.

PAHWTindell, Jr.:)s
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yYROM : PaA/Chief, Apollo Data Priority Coordination
sUBJECT: Descent Aborts - Part III

We have had a couple more Dwscent Aborts Misaion Techniques meetings
repulting in substantial progress which I would lixe to tell you adout
in this mero, if you haven't already heard.

A basic ground rule we have establinhed is that thems nbort procedurer

into effect at the time powerod descent {nitimtion (PDI) is attempted
?2.@., atarting at the time of PDI TIG). The point in, if the descent
durn is not attempted at mll another procedure is used (TBD). But once
descent ig started and an abort i{s required, the crew will always go to
PO or P71, the DPFS or APS abort programe.

An noted previounly we have eliminated the special abort zone during the
. first 50 seconds of powered descent which usad to require special proe
cedures. A eslmple program change was made to LUMINARY to do this. In
order to cause the syctem to work in an acceptable way, it is alpo necens
anry to incremse the insertion apogee altitude in the PGNCS targeting.
Thie 18 done by changing the value of an erausidle memory constant in the
16C. (Incertion apoges altitude is now 100 n.m.j it vas £0.) A prefer-
able solution wna coneidered for LUMINARY but must be delnyed to LUMITARY
1T due to schedule impamct., It is to have the PGNCS compute the optimm
apogee insertion altitude in real time banrcd on the phase angle between
the LM and the CSM at the time of the abort, It is possible to do this
such that the subsequent rendezvous seguence is almost identical to the
nominal lunar landing missicn rendezvous sequence - always providing a
one rev readezvous with a differential altitude of 15 num. ™is program
change will likely be made in the AG3, too - perhaps even in time for the
? minelon since it ip relatively simple., Assuming we are able to fix the
PONCE prosram for the lunar landing mission, it looks like wc have a very

good, stresight forward, simple and standarized abort/rendezvous procedure,

One cauticn must be olserved since the DPS abort program (PT)) commnds

full thro'tle tmmediately. Therefore, if the crew decides & abort on

the DPS i{rmediately aCter PDI they munt at least await engine atabiidty
hefore hitting the Abort button. I should aleo pdint out thnt aborta
during the first L0 s2conds of powered descent will currentl) result in

n spacecrnft pitch maneuver which will cause the MCC-H to lone all telemetry
until the crew can realisn the hi-gain antenna or swltch to »he omnin,

A program chanpe request for TUMINARY II has been submitted to fix thir,
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Another area in which v have been working le¢ the procedure following a
descent abort using the DPFS engine immediately after the engine cutoff,
Like any other maneuver, the standard procedure is for the crew to eall up
the AV residuals on the DEKY and check the horizontalAV still required.
Thens -

a. If the horizontal AV to be pnined 1o lesa than 5 fpa, which
rhould be the usual eare for aborts prior to about WO gecomin {nto
powerad descent, the crex will trim {(t withn RCS wlithout ntnring the DIN,
Outeof-plane nnd rndial Av component. will i+ left untrimmed and thelr
effecto will be eliminated by the culicedquent reniesvour mincuverc, -

b, If the AV in the horlzontnl dirmec~tten v’ “he opl of [ PS5 burn

In more than &5 £pe but lenan han 30 fpa, W want to ptape the DIN off
prior tn burning into orbit with RCO rines RCO 1 Yume Implngemnt proe
cludes dragplng the DPD along, Mosever, stapgins rreesente n problem
aince the IGNCS dipital nuto plrot (DAP) will m ‘. Le awnre 1t har
happened, Since it would continue to sfzume the alph {nertin, unainped
spacecrnft, it would command excepalve RCO Tlrine for altitud: control,
Like IM;, jt would renlly hore out the RCE fuel, The eanivst wny around
thin 1o to switch guldince' control to "AGG™ and attitude contwvol to "AGE
attitude hold" and then mamially tranalats Into orbit with RGO based on

. the PONCS LEXY AV display. The proerdure would te to manunlly ntnge
immediately after initiation of the RCS trim turn., Agmin, there is no
reagon for trimming the out«of-plane and rmdial AV restduals.

e. If at DPS engine cuteff the AV resldual in the horlzontal
direction rxeendn 30 fpa, the procedure {s to simply hit "Abort Stape,”
Thie will automntically separnte the DPS and utilize the APS to completo
the maneuver requlred to achlieve the depirrd orbit, The Av requlred
depends on the abort time snd ean raner from as little nn 30 fpe nll
the wny to a full Ascrnt duration burn., The 30 fper boundary Wmn choren
becouoe ntiempte to ure PTL/AFS for smnllnrr mancuvern onn recull in very
largn AV orrorn, {n tact ap mich nan "0 fpe, Apnin, onlty the horizontal
in«plnne component of AV neesl he trimmed after the muln onglne sutofl,

0f courne, in cane "n" notod nbove Lt will be necenpary to geonente

from the D8 sometime, There wap connlderabie diieunslon nr .0 whether
n apecinl sost-lnoertion mneuver erhould be made - or thie or f 1Lt wan
prefernble to awnlt the firr* of the ncheduled veudezvour burae - €91,
We flinnlly concluded that the moat atpaieht forwn « procedurt wan to
reparate the DI nt CLI In order to avold the neel for more compliented
apecinl proeeduren for thls epecinl situntion, 8paration ni COT
rather than {mwedintely at incertion nlso providen thr peripheral ndyantnpen
of an extrn hour ure of DPY consumlilen, Put that La not our rearon for
recommending thls preeecdure,  0Of course, 1t will be nreecpoars for the
erew to cerry out certaln DPS onf'ine proceduren, fpecifienl y, they
. mint yent the tankn ooat ap Lhey do atter 0 nemtral Tunne lasting. One




open item in regard to this is the determination of how propulnive this
venting 1s. If it turne out to be unacceptable we may be forced to provide
some specisl procedure to stage the DFEB at lnsertion. FCD has the action
item of determining the magnitude of venting A

44-@94 Lo srdauy,

PA:HWTindall, Jr.:)s
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UBjECT: 1M DPFE low level light fixing

-
- e ey

I think this will amise you, It's nomething that came up the other
day during a Descent Abort Mission Techniques meeting.

An you know, theare in a light on the LM dashboard that comes on when

there {ig about two minutes wvorth of propellant remaining in thc DI

tanks with the engine operating at quarter thrust. This is to give

th» crew an ipdication of how much time they have left to perform the
wanding or to abort out of there, It compliments the propellent pauges.
The present IM welght and descent trajectory is such that this light

will always come on prior to touchdewn. This signal, it turns out,

is connected t0 the master mlarm - how about that! In other words,

Just at the most critical time in the most critical operation of =
perfectly nominal lunar landing miesion, the mester alarm with all

ite lights, bells, and whistles will go off. This sounde right louey

to me. In fact, Pete Conrad trlls ie he labeled it completely unacceptatle
four or five ymars ago, but he wno probably juat an Ensign at the time

and apparently no one paid any attentlon. If thls is not fixed, I predict
the first words uttered by the first astronmaut to land on the moon will be
"Gee whiz, that master alarm certainly startled me,"

As I understand 1t, cutting the wire to the master alarm eliminates the /
low level sensor light too, If nothing else can be done, this should be

and we'll get along Just using the propellent gauges without the 1ight,

If possible, & better fix would be to cut the wire on both sides of

the mapter alarm and jumper the signal to the light only.

Incidentally, on the D mission the propellent levels will be low enouph
when we get to the DPFS rendezvous maneuvers - Phaiing and Insertion - that
if this system 1p activated prior to ullage, the raster alarm v111 likely
go off, I guess it will be standard procedure to punch 1t off if that
hnppene. Put, where thip iz Just an annoyance on D, it i dangerous on G,

BN m—

Howard W, Tindall, Jr.

PAIHWDLndnll, Jr.:js
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PA/Chief, Apollo Data Priority Coordination

C! entry initialization with no commnication

Bob Weber, Jon Harpold, and some of their friends got together to work
tut the procedure for the crew to determine the landing point for
targeting the GNCS entry program (P61) in the event of a no commnicae
tion/return to earth. The procedure i esgentially as ve laid it out
during one of our big meetings a couple of weeks ago with a few minor
embellishments. The procedure is as follows:

1. The crew will use the Return-to-Earth program (P37) to obtain

_the predicted landing point longitude and inertial velocity st the

entry interface,

2. Using a chart, they will determine a longitude bias based on
the inertinl velocity, For lunar return velocities this biass will be
approximately three degrees. Since P37 always plans for an eatry range
which is too long - that is, too far to the east - this bias must be
arplied such as to result in a more westerly landing point. The resultant
longitude 1s the one we're looking for. :

3. Using the Oround Track Determination program (P21) the orew will
iterate to deteimine the latitude of the point on the ground track which
is compatable with the binsed longitude. Thils is necenmsary in order to
avold having the GNCS attempt to reach a target point substantinlly off
the ground track and perhaps even outside the available footprint.

b, The values of the latitude and lcngitude thus obtained are come
pared to the last Block data values received from the pround prior to
commnication loss, If the valuers of latitude and longitude in the Bloek
data are bith within cne-half degree of those de“ermined hy the proceas
outlined adove, the Block data values will be usid, If either differs by
more than one-half degree the P37/P21 values will be used to target P61,

5+ ‘The Range-to-Go display obtained in PHl after input of this
target polnt shall be checked to make sure the GNCS will be ettempting
to fly a reasonable trajectory. Specifically 1if the Range-to-0o display
ueed for jnitializaticon of the EMS in less than 1350 n.m., th: O&N shall
be uaed, If the disp.nyed value is larger than 1350 n.,m., ths crew should
nasume rotething Is wrong with the GAN and should manually fly a constant
4 g entry,
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Rationale in selecting the above procedure is primarily directed toward
providing a safe entry by making all G&C systema available for the crew's
use. That i{s, we want to use the QLN provided it can be initialired
properly. Furthermore, we want it to be operated nominally such that the
FM8 monitoring techniques are standard. To accomplish this it was most
important to select a landing point nssuring a nominal entry range regard-
lese of whers the landing point turns out to be, Of courpe, if the crew
navigation ¢nd maneuvers subeequent to communication loes are done properly,
the landing point should be predicable and acceptable. Accordingly, the pro-
cedures wer» set up, not to land in any particular place, but rather to
provide approximately ¢ 1350 n.m. entry range. By attempting to make the
chart as simple as posslble conslstant with that, we ended up with a linear
longitude bias as a function of ineriisl velocity, Specifically, the

chart 18 a straight lirne betwveen zero bias at 34,000 fps to three degrecs
biae at 36,300 fpa. It 1s recopnized that we are not taking into account
the affectes of heading angle and latitude ant entry, both of which can
affect the entry range somewhat, However, 1t did not seem to us thnt

the extra complexity in compencating for them wap Justified. This chart
will be relayed to FCSD by Harpold vim Mike Collinr,

41»30«1’.:5\(‘&4 ™

Howard W, Tindall, Jr.

PA:HWTindnll, Jr.:)s
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Is MBFK ranging mandatory for C'?

During our C' Data Select Mission Technigques meeting a queation came

up vhich must be understood and answvered prior to the flight., It
involves the requirement for being able to obtain MSFN range informa-
tion during the cis-lunar phase of the mission., It has been said
unofficially that ranging is essentlal to do s decent Job of ordit
determination, although, I'm sure something can be done in its absence.
The question is vhat confidence have we Of befng able to hit the entry
corridor if ranging is not availadle. I have asked the Math Physice
Branch to determine encry corridor targeting accumcy without ranging.
If this turns out to be unacceptsable, then m mission rule may be needed
establishing that certain pieces of spacecraft equipment must be working
prior to committing to TLI in support of this requirement, Further
complicating the situation is our uncertainty as to just what the space-
craft equipment is - specifically, how redundant and how relisbdle,

H"“J G . c\ud
Hmrd w. Ti!ﬂall, Jr- -
PA:HWTindall, Jr.:ds
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susjecT: C' Missicn Techniques - moctly Ent.y

On Friday, November 15, we had the last C' Miss:on Techniqu s meeting
I expect we will ever have. It was mostly devoted to entry although,
of coursc, some other oddn and ends were discusred,

Before gatting into the results of the meeting I would like to report
two mlinor adjustments we have made in empeuver monitoring. Specifically,
we have changed the time limit the crew uses in protecting against over-
burn on TLI Ly manually chutting down the S-IVB from ten s2conds to six
cocconds pact nominal. We have changed the equivalent time on the TEI
burn from tiree geconds to two seconds.

The MCC-H will uplink the entry REFSMMAT shortly after TEI. We interd
to ure the snme REFSMMAT all the wny tack and no adjustments wili normally
he made Lo 1t prior to entry even though dicpersions could cause it to
devinte clightly from its nominal C, 130, O values at entry interface.

In the event of communication loss, the crew will use the return-to-earth
program (P37) for midcourse mneuver targeting and entry initialization.
In e nominal micalon thia would not be necessary, of courase, but the crev
does intend to play games with it Just to see how 1t worka, It is to be
emphnpized that P37 must not be u.ed after three and one-half hours before
entry interfacos when the MCC 7 update is uplinked, because to do so will
cause the External AV target lond and the landing point location to be
ruovised baced on P37 computations and we don't vaut this to happen.

As noted previously, at EI-15% hours, the MCC-H will inform the crew that
MEFN ctate vectors are ndequate to complete the mission in the event of
suboeguent commuinieation loss, It ia to be emphasized that all other
informtion regquired for earrying out the finsl midcourse correction and
entry m.ot nlco be supplled at the same time. This includes the complete
entry PAD volce messnpe and reentry reference time (RRT). The RRT value
will not be chanpred after this volce message,

Fllght Annlyslc Branch reports there iz no recontact problem followving CM/

GM reparition providing the AV is at least 3 fps. Of course, {t should
be substnntinlly more than that,

Buy U.S. Savings Bonds Regwlarly on the Payroll Savings Plan



In all cases, both with and without communication, the crew will hold lift
vector up until .05 g‘s. This mekes all the entry procedurus standard,
which ~onsiderably simplifies things.

Non-G&N constant g entries will all be flown with the lift vector towvard
the norti in order to provide the best horizon view, With “he EM3 working,
it wns a reed that th: crew will hold four g's until crossing the circular
veloelty line on the a5, If the :MS is not vorking, they will meintain
four g’ as long as 1t is possible to do so., It is to be noted that it
will not be possible to rench the 1350 n.m. target by following this
procedure slnee by the time the crew starts rancing with the EMB they will
probnbly not be adble to fly mors then 1200 n.m. with the remaining lift
capnbllity. Without EMS raneing at all, which is what they get by flying
the i meter, a four g entry renpge i about 1100 n.m. It vas decided after
consldernble discuseicn to use four g's since that is the center of the
nceeptable rarze (i.e,, three to five g) and it {5 impossible to resch
1350 safely using the EMS alone. That would require flying a constant

1.5 g entry and this value {s concidered entirely too small to positively
preclude egkipping out. If Claude Greve:' people are able to develop a
chart for the MCC~-H flight controller: to uee in determining the time the
spacecraft should achleve circular welocity, assuming a four g entry, they
will du so and this quantity will be added to the entry PAD message, It
will be used as part of the EMS performmnce evaluation and in the event of
a g meter entry it will give the crew some idea when skip-out is no longer
possible.

wWhile reviewings the PAD messages, a number of minor sdjustments were made.
One 1tem which should be reported is that the MCC-H will always include
their bect estimate of spacecraft weight on the maneuver PAD. The flight
controll rs recommend that the crew always load this value into the DAP

data loni routlne (RO3) regardless of how small the change from vhat is
alrendy presently In memory. You recall that COLOSSUS automatically updates
welpht during meneuvers. We expect that the crew will exercise some judgment

when nprlying this procedure,
[
[
Qe IQi;,“\-\Al.Q‘, r

. Howard W. Tindall, Jr.
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No real time landing site data processing is planned on ¢ Prime

In a meeting with Flight Software Branch and Flight Control Division
personnel, we concluded that we would not process landing site observaa
tions obtained in lunar orbit on the €' in real time in the RTCC unless
directed otherwise,

During the ¢! miesion, one of the primry objectives is for the crew to
track a pseudo-landing site. This ig to collect data to determine how
well thie can be done on the lunar landing mission {n order to target
LM descent. It has been propoced that we could actually carry out the
same real time computing process in the MCC-H on the C' mission, The
advantage of doing this in real time as opposed to post-flight 1s that
we may uncover some subtle problem which post-flight processing would
miss. It is to be noted, however, that a complete, high-fidelity
rehearsal of this lunar landing eisasion activity is planned for the

F mission which would do this Job mach better since the spacecrnft
configuration, crew operations, and MCC-H operations will all be fdentical
to G, Problems encountered during landing site data processing on F
could not jeopardize that mission in any way, of course. The dig-
advantage in attempting to do this 1s that in order to do it with con-
fidence, RTCC computer time and personnel would be required to check it
out and real time operatlons would have to be estnblished and included
in similations prior to the C' flight, With the flight so imminent 1t
does not seem logical to divert this kind of activity to a non-essontial
tark, Therefore, it is our recommendation that ve do not take thia
additional step on ',

Howard W. Tindell, Jr.

PA:HWTindall, Jr.:!s

Buy U.S. Savings Bonas negularly on the Payroll Savings Plan




FYROM

SUBJECT:

GPTVRAL PR ol
hay B DITCRN
oL Fhun (8 OW) W-nD

UNITED STATES GOVERNMENT
Memorandum

See 1list attached paty: November 15, 1968
68-PA-T-252A
PA/Chief, Apollo Data Priority Coordination

F Rendezvous Mission Techniques

We had our first F Rendezvous Mission Technigques meeting on November 12.
We went through the vhole thing rather smoothly with very few open items,
probably due to all the past work on D and Q. Obviousgly it is a much
pimplier exercige than the D rendezvous, Thie memo is to record a few

of the significant agreements. Many more were reached but have been
understood for some time and are not considered particularly controversial.
Attached i1s a list of actioun items assigned to MIT.

1. The CSM Separation meneuver from the LM an hour tefore DOI shall
be radially dowiward 2.5 fps.

5. We intend to use identical REFSMMAT in the csM and IM. It will
be computed by MCC-H at the beginning of the DOI period of activity and
will not be changed throughout the entire rendezvous. In fact, it will
probably be used for TEIL as well. It 1s keyed to the pseudo-landing
site and will not incorporate information cobtained by later orbit
determination or by optics observations of the pseudo-landing site - just
1like G.

3. Both the DOI and Phasing maneuvers shall be targeted from the
MCC-H, of course, This will be done prior to DOI and relayed to ihe crew
as a maneuver pair. We do not intend to update the spacecraft state
vectors between DOI and Phasing from the MCC-H. However, a period of
rendszvous tracking and navigation has been tentatively scheduled for
about 30 minutes during that period.

L. The CSM will be targeted and counting down to make the firat
mneuver of a Honmann transfer to a 20 n.m. circular orbit if the LM
vecomes inactive at phasing. The command module will alsc be prepared
to exascute a mirror image type maneuver when the IM executes the Insertion
burn which starts its duplication of the lunar landing mission remdezvous.

5, Targeting for the Insertion maneuver will be updated in real time
from the MOC-H, designed to achieve a 15 n.m, differential attitude
during rendezvous, There 1s some question, however, if this targeting
{a to be based on MBFN tracking or on state veators as determined onboard
by rendezvous navigtiosn during the phasing orbit,

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan




6. We vere not adle to conclude much vith regard to AGS operation
aAince it (s not clear vhat computer program will be available for the
P micaion. We hope to know vhat 1ts capability will be about November 15,
Of course, we are assuming that the primmry guidancs systems will be using
COLOB3US IT and LUMINARY.

T. Just ne is planned for the 0 micrion, we intend for the MOC-H
to relay the ¥ -tara wctor obtained by telemstry following the Insertion
mneuver bark to ,r CON. Thie will Ve followed by REFSMMAT alignments
by both apmesernft,

fi. The C3M will une lts Pl anriea renlezvour ‘arpeting programs boih
for its own mirror lmuse tarseting and for relay W the IM.  In order for
the IM to compare aclutiona, it will b mecrerzary 0 incliue certain blas
on the meaneuvers an determined pre-flipht due o the arrors induced by
uning PiN's rther than the F70'a and alac brcayre of the one mirute time
delny In TIO (for example, ¢ 1,5 fpa, bieg i required on cor}. It ie
Intended tha? the COM backup ORI, COH, and TPT u~ing th» BPS. Incidentally,
it ir intended Lo use IM +X RCS for €31 and #2 BCS for CDH and TPI.

9 An plamied for G, we nre labeling the CSM mncuver tarpe‘ing as
the "ynpd otick” for IM maneuver verification ln real time, This is
taned on our bellef that it la ponoible to Iniepeniently verffy oNCS
prrformnce ln real time « pomething w can'’t Ao with the tM PONCS,

1. We hnd our ucunl discussion reparling tolermble TPI time alip,
It appearn that with VI rancing, the TPL winlow {5 quite Inrge « perhaps
+ 1% minutea or no.  If thir o the cace, we sheuld have very little
Froblem,  PCOD han nceapted the tark of determining Jurt what the window
I amd of defining prenisely the optimum loention of TFI. MPAD will
determine the anticipated three siemn TTI rlip. The point that really
counts thoush Ir that wn should never have to atanion the TPL elevation
nnele optlon in favar of the time option anl w are to ~arry out our plan-
ning bnced on that aszumption.  Inefdentally, there {3 complete sgreemrnt
that we mist uae two clewnbion anples for TFI. One for approach from above,
the other from below Just ap was planned for o,

11s ‘There my he pomn problem appociated with reconling [M lov bit
telemeatey In the cormoml module on the back plde of the moon 1 somrone
terlly wanted to do that. It apparently confliete with atmiltaneoun VIOF
raneing which we consider mandntory, Whorver wante thio data will have
to look for rome other subatitute for s LM tape recorder, it ceemed to us.

L. Our next meeting vill b In n month or oo, We'll firm up the
tracking achedule ant will liat the equipment we feel required to continue




at ench milestone in this exercise at that time. Something else we'll try
to get oquared awny by then ip all the "mickey mouse” required to get
landing radar data nt the eame time we are dolng the Pharing burn! And,
we neod to pin down the burn monttor’ny procedures e the Tianlng and
Inneartion mancuvern,

ihwnrd W, Tindall, Jr.
Enclonure
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MIT ACTION ITEME FOR P RENDEZVOUS
(Yovember 17, 1968)

Is the Tavget- AV poing to te or has it been changed from a
routine (R32) to a program (e.r., F76) in LUMINARY? If not, why
not?

What program sequence choices havn we for getting landing radar
data on the downli{nk just before the Phmaing burnt

What program sequence should he ured for the APS Insertion burn
precended by DID ataging to fnrure proper RCS attitude control by

the DAP?

Whnt {n *he epnt of slipping TPI execution in COLOSOUS without
updating TIG?

Fnelorure 1
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yaoM : PA/Chief, Apollo Data Pricrity Coordination
SUBJRCT: C' Lunar Ordit - Mavigation and Block Data ‘ .

On Thursday, November T, we gathered vith the C' Flight Crev snd everyohe
else wvho vas interested in the lunar ordbit opermtions on that flight. At
this meeting ve cleaned up a lot of loose ends primrily dealing with the
iunar ordbit navigation and with tlock data. This memo {s to report the
nev things accomplished at that time,

fanding Site Lighting Evaluation

As you recall, one pass over the peeudo-landing site prior to marking vith

the optics will be made to permit the crev to evaluate lighting. The space-
: craft will be oriented with a five degree pitch up attitude and will be

torqued at ordit rate, The optics will be fixed at gero. The MCC-H will
. compute and inform the crew of the time at which the optics crosshairs
; w111 be viewing the lunar surfuce location experiencing a 10 dagree sun
elevation angle. 'The crew will use this time primarily as a check point
to ey in their verbal description of what they are actually looking at.
Although, it had been proposed as an option that the cravw would mark on
the pseudo-landing site if it became visible, ve dropped this option in
favor of contiming the lighting evaluation beyond the terminator apd inte
the region of earth lit lunar surfuce. It wvaa emphasized that if any
aifficulty were experienced in finding the control points, forget'em and
press on since a continuous evaluation of lighting conditions as the sun
angle varies is the important thing on this pass,

landmark Bightings

i The only information the crew desired of MCC-H associntad with the land-
: mark sighting exercise is the GET of closest approach ¢o the initial

point (IP). This time will be relayed to the crev for svery pass by the
; pseudo-1anding site, but only for the first approach to the other thres .
control landmarks on 4the dack of the moon.

In order to avold axcessive shaft angle rates during the ocbservatiomnal
pass, the crev will roil the spacecraft to insure that the trunnion angle
never gets less than 1C Aegrees. (This wvalue is MIT's recommended minizum, )

The P22 initializaticn value of the Wematrix shall be 0, O, 10,000 meters
. which will prevent the state vectors from deing updated, dut will permit
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onboard determimation of the landmark location. It should be noted, hove
ever, that the updated location of the landmarks are not stored and each
time the spacecraft comes Over a landmark of interest it 1s necessary for
the crev to key in the values of latitude, half.longitude, and altitude
prior to the pass if auto optics are to de used., ‘This obviously means that
it is necessary for the crev to record these values folloving each pass.

Since the pseudo-landing site is being chosen specifically to provide the
proper lighting conditions during the tracking exercise, it is necessary
to have a bunch of pscudo-landing sites to cover the entire C' mission
launch window, In fact, four have been selected for each laufch day.

The nominal is included in the pre-launch E-memory load, However, if the
launch occurs at any other time, it will often be necessary for the MCC-H
to uplink the proper pseudo-landing site at some convenient time during
tranolunar coast, It was recommended to the crev that for the pseudo.
1anding site they do not use the onboard determined location on successive
panges but rather alwvays use the "01” option to operate with the old stored
walues,

In order to insure that all of the data is properly stored on the tape
recorder, the crew has been requested to delay proceeding from the AR,
AV display for at least one minute. This applies not only to back
aide obcervations but also to the pseudo-landing site where the data will
be coming to the ground on low-bit rate via the omnis,

State Vector Updates

while in lunar orhit, state vectors will be transmitted once per revolu.
tion via the commnd program (P27) except no state vector updating will be
done from the ground during the revolutions immedimtely following each of
the two 10T burns. To be connlstant with the rest of the mission, it vas
decided to update CSM state vectors only into the IM slots of computer
memory. The only exception is immediately prior to a mmneuver at vhich
time both LM and CSM slots will be loaded - IM slots first.

Block Dnta

Attached to thia memo in a llat of the block dnta updates to be supplied
nosocinted with lunar orbit. Ae you will note, two maneuvers are supplied
to pet ont of lunnr orbit prior to LOI; and during each of the first three
revelutions. Thersufter only one TEI maneuver per revolution is relayed
to the spaceceraft.

Regnrding the TEI burns, whlch all take place with approximately the same
enrth-moon geometry and approximately the samn targeting objective, the
quentlon arlees as to how much the TEI A‘V componnnts vary from one revos
lution to the next. Some of un simple-minded cats have a feeling that




given a fev TEI maneuvers you could probadly sxtmpolate and get a pretty
good maneuver to breakout of lunar orbit if it were necessary, We will get
the ansver to this question dbut it will only be for background knovledge,
not tc change the cperational procedures ve have sstablished,

rd W, nmu, v, ] v

Enclosure
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TEI BIOCK DATA ASSOCIATED WITH LUMAR ORBIT

Pre-101y "
a. TEI; assuming 1OI;
b. TEIp sssuming LOT;
Rev 1
a. TEI; updated based on GCNCS
b. TEI, updated based on GNCS
Rev 2
8. TBI3 assuning m12
b. m3 assuking no 1OI,
Rev 3
. a. 'I'EI3 updated based on QNCS
b. TEI) based on GNCS
Rev h—=P» Rev 10
m;—-—bmn

Definition
TEI, "2" means end of Rev 2

Enclosure 1
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Memorandum

See list nttached DATR: November 1h, 19GY
68-PA ~T=2hoA
PA/Chief, Apollo Data Priority Coordination

C' Mission Techniques clean up - Translumar and Transearth

On November 8 we went over the Translunar and Transearth phascs of the

C' Migsion Techniques - pretty well cleaning all this up, I think, The
following paragraphs describe the more significant decinions and agree=
ments reached. They deal with block data, onboard navigation, sand returne
to-earth vith no commnieations.

1. Block Data. .

There had been considerable concern over the transliunar block
data targeting, As you recall, the maneuvers were designed to bring
the spacecraft directly back to earth, often requring a very large SPS
meheuver, Block date for this type of maneuver will still be transmitted
to the crew. However, it will ordinarily be used as the secondary mode,
to be exccuted only if a minimum time return is essential due to space.-
craft systems prcblems. The rrimary mode during the period from MCCy plus
three hours until LOI minus eight hours will be a lunar flyby. The flyby
maneuver would always be executed at 10I minus eight hours (instead of
the last translunar miicourse correction). It will be targeted to raise
pericynthion to between 200 to 1500 n.m. and to result in a CLA landing,
In summry, for each block data maneuver time, there will be two maneuvers
transmitted to the crewe the old direct return and the new flyby mode,

There haa been some confusion regarding the post.pericynthion
block data maneuver transmitted for use after the LOI minus elght hour
midcoursc correction if something precludes going into lunar orbit. At
this meating we apecified that this maneuver will be tarpeted for the
fastest porelble return-to-earth provided an 8PS turn ip required. However,
if the present free return tra,‘.ec&ry already provides a meur Tanding or
an RC8 maneuver in adequate to do so, we do not recommend making an 8PB
burn just to get to a CIA using s block datea maneuver,

2. Onboarda Navigation

It appeare there is no disadvantage to moving the first set of
star/earth horizon observations sarlier and to do so vill significantly
improve their quality., Accordingly, the flight plan muys of FOSD were
requested to chanpe the flight plan to include this activity immdiantely
after the CSM/B-IVB separation burn - sbout two hours earlier than before,
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As you recall, the rirst batch of sightings are used to determine
the vest value of horizon altitude as actually observed by the crew to be
used in the CMC. This will be updated via the uplink program (P27), provided
the update value differp from the pre-launch value by more than k500 metors,

It is intended to update the onboard state vector utilizing the
sextant observations. The CMP has been instructed to accept the update
provided the AR does not exceed 50 n.m. and the AV does not exceed 50 fpa
during the first time a particular obserwation ia proceancd.  Fxeeoding
either of these limits indicvtes that som*thing mny be wronpg with the
observation and serves as a warning that 1t should be carefully redonc.,

The second time the aame observation is obtained, 1t should be nceepted
regardless of the AR and AV based on the assumption that the CMP hns
certainly done right this time and the state vector is truly that much in
errcr,. -

The opacecraft calibration limit has been chanped from .006 to
+003.

A momentous decision was finally reached, namely that the MSFN
otate vector chall be used for all maneuverc. Sinee it in uplinked into
the LM slots in the CMC memory, it will be neceseary for the crew to trunsfor
it (UNZAP) into the CSM slots and after the mmneuver to restope the updated
CSM state vector into the IM slots (ZAP).

There 3hall be & nev "go/no go” decision point regarding uce of
MSFN versus onboard navigation. It is currently estimted that nt entry
interface minus 15 hours, use of the MSFN state vector ia preferable to
onboard navigation for the final midcourse correction and entry initinlizn.
tion, Accordingly, at that time the MCC-H will update the CMC state vector
and will provide an EI minus two hour mideourse maneuver targeting load.
In addition, they will inform the crew that this data load ig good enough
to complete the mission without further onboard navigation and the crew
should discontinue gextant obcervations. If this cannot be done by that
time, the crey should obtain the follovwing sets of da*a to maintain the
onboard capability until the ground detrrmined vnlues are conoidered
acceptable,

EI minus eight hours - six ntar/enrth horizon obnervations
El minus four hours - six etar/carth hortzon obcervntlons
EI minua two hours =« four ntar/earth horizen obnservntfonn (ohtnined
immediately after the final midcourse correetion),
3. Return-to.Fnhrth « No Commnlention

It has been estadbliched, of rourse, that the ermw will use Lhe
return-to-earth program (P37) to compute minimum AV midcourse correction




maneuvers for corridor control only., Based on the output of this propgrnm,
we are gble to do two additional things., One is to detormine the time

the apacecraft will reach 400,000 feet which is required as an input to

the IMJ alignment program to get a "nominal" IMJ orientation for entry,

The other information from P37 is & precision prediction of the landing
point., However, in order to target for a short range entry, it is necessary
to blas the P37 values of predicted latitude and longitude prior to inputtinp
them into the entry program (P61), These biases, vhich are a function of
predicted inertial velocity at the entry interface, will be obtained by the
crew from a chart. They will be chosen to provide an entry range of 1350
Nn.M.

In order to insure capture during the initial part of entry the
cpacecraft will be oriented lift vector down until 1,5 g has beon achieved,
(Note: This Is exactly opposite to the normal technique with communication, )
At that time, If the GAN has checked out, the erew will nwitch to auto CMC
mode and contime a guided entry using their standard monitoriny procedurer,

In order to permit the crew to une the planots in plaecn of ntarn
during alipument of the IMJ, it will be necrspary to know thelr unit
vectors. Accordingly, it is our {ntention to include this Informtion
as part of the crew data package specifically for each launch opportunlty,

———

A
owvard W. Tindall, Jr,

PA:HWTindall, Jr.:}s
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Memorandum

Bee 1ist attached | DATE: November 12, 1968 .

| . 68+PA«T-248A
PA/Chier, Apocllo Deta Priority Coordination

D Maneuver Monitoring Mission Techniques

On November 4 we had our first-and-last D Maveuver Monitoring Mission
Technigques meeting. In addition to all interssted MBC organizations, it
was attended by MIT, NR, TRW, and GAEC. We ~pent the day going through
all of the SFS maneuvers both docked and unlocked, except for those
associnted with the rendezvous and the docled DFS burn, and dlscussing
the pre-turn systems checks and the actual burn monitoring tuchniques.

I believe we egtablished procedures which should deo the jJjob and I feel
they can be considered firm. The crev and the fligut controllers intend
to use theee techniques in the forthcoming simulations and changes will
only be considered to those which simulations show to be unacceptabdle.

i ts whi H
Following is a list of final agreements which apply to E SPE meneuvers

1. It is intended to use the onboard computed weight and 88 trim
girbal angles mtored from the previous burn in the DAP, unless they differ
from the MCC-H ground valuee by more than 10 percent and .5 degree res-
pectively, If any of the three parameters exceed the limit, all three
will be updated.

2. TIxcept for retrofire, it is intended %o use the onboard computed
REFSMMAT for all maneuvers as determined by using the "preferred” alignment
option. The MCC-H will ~ompute and compare REFBMMAT with the ornbosrd values -
primarily as a check for some procedures or communications error. This will
be done by determining the angular difference betwsen them, which should be
zero, 1If it is in excess of .5 degree, the GAN should be considered no go,

iy It was concluded that the check of onboard computed apogee and
pordgen holghts (ha and hp) is unnecessary and will be dropped from the
procesdures, In addition, these valuss will be dropped from the maneuver
PAD mesaape,

k., Prior to each maneuver, the crev shall meke & maneuver attitude
check using a sextant stay., The shaft and Srunnion angles of the star
mint ngree vith the PAD values to within five degrees or the burn is no
gn. 1 the crew is unable to see any stars, that oheok will be dropped
for that burn,
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5. In place of the previously proposed Fi0 VO test, we are substitu.
ting a check on the AVh. This parameter must agree vith the PAD value to
within 10 fps. ‘ ’

6. Another CMC pre-bturn check is through use of the Ground Traok
Determination program (P21). The crew will check latitude, longitude,
and altitude against the PAD values to determine that they are within
liudts in order to give a GA&N go. The limits are .02 degree armd .2 n.m,
respectively.,

7. An attitude excursion limit of 10 degr.es has been sstablished for
all 8PS burna, Flve degrees a second is the attitude rate limit, If the
crev ascertains that either of these limits have bYeen excesded as indicated
by two independent deta sources (primarily the BMAGS and visibdle cues),
they will takeover using SC3 MIVC to dGamp rates and will shutdown the engine,
An exception to this is that during the inltisl start transient, an attitude
excursion beyond 10 degrees will be considered acceptadble if, in the crew's
Judgment, 1t ie truly due to the start transient and CNCS control of the
spacecraft is still acceptable. (GACD has the action item uf approving this
MIVC takeover procedures for safety when applied to docked burns, I have
been told by Ken Cox that studies are underway, the results of which so far
indicate this procedure is acceptable.)

8., The B8 AV counter will not be used as part of the crew moni toring
procedure to avoid overburn., That is, for purposes or simplicity it was
decided to beckup the GNCS engine cutoff based on burn duration only. The
procedures is for the crew to manually shutdown the engine if the GNC8 has
not done mo within five seconds of the nominal burn tims ior docked 8PS
burns and within one second of the nominal burn time for undocked SF8 burns,
The nominal burn time is included on the maneuver PAD for each turn.

9. Although the EMB will not be used to monitor sgainat an overburn,
1t will always be set up to provide mn autometic cutoff if the crew switches
to 808, Accordingly, it is intended to slew into tha AV counter that value
(AveC) vhich would cause it to provide as accurate a cutoff as possible,
In other words, tailoff and known sccelerometer bias will be taken into
account when computing the AVC included on the maneuver PAD.

10. Except for retrofire, the crew will not trim any AV reasiduale
following any BPS maneuver.

11. Since the first 8F8 burn is made before adequate checka of the (AN
can be carried out to insure proper GNCS ovperation, we propose to utilize
pome special techniques for that one burn, Essentially we intend to evaluate
the QNCS performance during the launch phase on the D mission exactly as we
40 as part of our TLI go/no go precedure on the C' mission. The procedure
involves comparing the performance of the epacecraft GNCS with the BIVB IU




during the launch phase, If the differerces do not exosed certain pree.
established limite (which incidentally arv the same as ') no further
special checks are required to deolare the ONCA go for BFB). 1If the

limits are exceedsd, the orew vwill perform an additional platform aligne

ment (REFSMMAT Option) to the pre-lsunch orisntation just prior to the
aligning to the burn REFSMMAT. If the gyro torquing angles indicate that

the drift rate has been less than .6 degree/hour since the fine alignment
while docked to the BIVB, the GNCS is declared go for the burnm. Incidentslly,
the GDC is also chacked during the same period. Its no go limit is 10
degrees/hour on all three axes.

Obviously, special procedures are required for the docked DPS durn., This
maneuver is extremely unusual and provides the greatest chances of screve
ing up procedurally. Prior to the maneuver, the following steps are takent

1. The 1GC E-memory will be dumped to the ground and checked by MCCeH.
If any of the critical E-memory values are in error, they must be updated
prior to the dburn.

2., MIC-H will compute and relay to both spacecraft that REFSMMAT which
is consistant with the LM x-axis aligned along the velocity to be gained
by the maneuver and the y-axis shall be horirontal. Both spacecraft will
utilize the same REFSMMAT.

3. The MCC-H will update the state vectors for both vehicles, The
game external AV targets will be uplinked to both vehicles, (There is some
question as to how the CSM will monitor the maneuver. One proposal is to
call up the SPS thrust program (P4O), which would be operated just as
though 1t was controlling the maneuver, However, we're not sure how 1t
will perform when the AV targeted and achieved is in the negative x
direction, MIT was asked to advise us on this matter.)

L, The CSM will maneuver the two spacecraft to near burn sttitude
using onboard computed gimbtal angles, The LM completes this attitude
maneuver using R60.

5, Roth epacecraft will perform burn attitude checks, the cocmand
modula uning & sextant star and the LM using an AOT star while the IM
contrels attitude during tha last darkness period prior to the burn, Five
degreer has been antablished as the go/no go limit,

6., The DPS trim gimdals will be moved prior to the maneuver to verify
they are operating properly and will be reset to align the thrust vector
through the 0,8, taking intn acoount angine mount complimnce st L0 percent
thruat. Assistance by MCO-H is required since there is no onboard indica.
tion of engine gimbal angle, The technique will involve iterative attempts
to align the engine which will be contimued unt’l they are within a 0.1
degree of the desired values.
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Te The AGS will be initialized and used in the follow-up mode exactly
as it is for the undocked DPS burns. Of course, there is no consideration
given to taking over with the AGH.

8. We established an attitude limit of 10 degrees and an attitude rate
limit of five degrees per second. However, this maneuver is likely to
include aome pretty wild attitude excursions, particularly as the thrust
level 18 varied, which could easily exceed those limits, During these
transient periods, it mist be left to the crewv's Judgment whether a diver.
gent altuation is occurring or not, We did er: .blish that a 45 degrees
attitude excursion is an abeclute limit, This should be coincident with
the "VG increasing" alarm, If these occur, the DPS should be manually shuta
down. The trim gimbal light is essentially ignored throughout the burn
since it cannot really be trusted for anything, -

9. Following manual shutdown, attitude zontrol is turned over to,
the CSM. If a mmlfunction occurs requiring premmture burn termination
with excessive attitude rates, they vill be damped using the IN y and
z-axis RCS translation Jots,

As noted previcusly, the above techniques do not neceasarily apply to

the maneuvers during the rendezvous or rendezvous abort situations, These
techniques will be discussed at our next rendezvous meeting on Novenber 18,
at which time any special procedures for those meneuvers will be identified,

egreed to, and documaated,
% W
oward W. Tindall, Jr.
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Memorandum

TO ! Bee list attached S DATR: November T, 1968 :
' 68-PA-T-24TA . .

FROM : Pa/Chier, Apollo Data Priority Coordimation
SUBJECT: (¢ Prime Maneuver Monitoring Mission Techniques into cement

On November 2 we went over the C' Maneuver Monitoring Mission Techniques

for the last time - that is, ve all hope and expect it's "final." Although,
the detailed procedures will be documentsd elsevhere, I would like to
descride tha new things ve established st this meeting. They deed primarily
with overburn protection by manmual takeover procedurss slthough we did
simplify the attitide monitoring a little ®0o0.

mr

The crew will dackup the BIVE IU engine cutoff signal dased on durn time
and ONCS DEXY readout only, The B is not involved, The procedure i»
for the crew to take no action until after the nominal burn time plu:

10 seconda., At that time, they will shut down the BIVB as scon as tiw
Tnertial velocity (Vy) dlsplayed on the IBKY reaches the nominal targetted
value. This parameter is relayed to the crew while in earth parking orbic,
(Although, the procedure has bdeen fixed as described here, there is some
consideration deing given to reduce the turn time dias from 10 seconds to
gomething as emell as five seconds. We will change this number within a
veek if we are going to do it at all.)

This technique was chosen for simplicity and to give the g eatest poocsidle
chance for the SIVB IU to do its Job. Of course, it could result in an
overburn of as much as 500 fps if everything vers nomimml vxaept the IU

cutoff signal fuiled, But, this in itself is not an unsafv Jondition,
i 101 f
The crev is %0 backup the CNCS cutoff sipgmal bx use of urn time only. Yor

simplicity's sake we decided not to do "voting" with the BE AV counter,

The procedure will be for the crew to manuslly shutdown the 8F8 if it is
nt1ll Tuming six seconds after the nomimal burn time, which is relaved to

4 the crevw as part of the maneuver pad, This protedure is a)so felt to de
snfest pince that it will assuuredly preclude an overbdurn, which is the
wroatest hazard, With the tvo-stage 101, premature mamial shutdown of a good.
CNCS 18 extremely unlikely. B

L
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10X5 usrs the same procedure except the crewv backup occurs nt the nominal
burn time plus one second. Again the BB is not in this dccleion loggic.

It should be noted that on all SPB turnc {not just 10I) the FM8 is
Initialized to shutdcwn the SPS engine at the nominal cutoff velocity
in the cvent of an GCS takeover. If the crew were to switch to the 0B
during LOT1 burn, they will mamally backup the AV counter nutomatic
cutoft using the burn duration criteris axactly as noted here for tlo
CNCB burn. If they switch to SC8 on the LOI, burm, the burn will b
terminated as soon as the sttitude rates have been damped.

Incidentally, it vas decided mot to trim AV residusls of either 101
burn in the C' misnlon.

™=

TEI and other large SPS burns such as return-tos-earth maneuvers aud
aborts inciude the BMB in the mamual cutoff monitoring. Bpecifically,
for TEI the crew will mnually sthutdown the 8PS i{f the BB AV counter
reads less than minus 40 fps ard the lurn time is greater than nominal
plue three peconds. In this case, you can see we are looking for two
cues before we manually shutdown the engine, since like TLI, our decire
io to pive the primary guldunce system every opportunity to do its job.

e AW counter and burn time blases for the other SP8 burns will huve
to be determined by MCC-H ard voiced to the crew in real time as part
of the maneuver pad data,

At usunl, the EMS [AV counter will be set to cutoff the SIS at the
nominnl cutoff velocity if the crev switches to the 8CS.

Thers was a lenthy discussion about the pre.l0I, turn attitude chech.
It was concluded that a successful sextant.star attitude check 1is
mandatory to atart L0I. That is, if the star cannot be seen or if it
ie not within the established mcceptable limits (0.9°) the burn is no
go. The crev s also anxious to have a horizon burn attitude check
atmiinre to retrofire on an earth orblital flight and MPAD ic looking
Into that. The MCC-H ia able to compute the location of the horisgon
roferenced to the window markings, provided it is visidble to the ervw,
We established a tolerance of + five degrees as the acceptable bound
within which the horizon must be, if visidle, in order for the IOI to
be yso,.




Probably the longest and most emotional discussion of the day involved
vhether the LOI; burn should be continued or shutdown prematurely in the
event of a spacecraft systems problem. As I understood it, wve finally
concluded that if *he problem s guidance system oriented nnd the crew

le able to take over on the §CS with good spacecraft contrul, they will
contimie the burn to completion, In the event of other apunceraft syotemn
milfunctions such ao the 8P9 . or something else 1'm not qualified to
tulk abrut - the erew my choose to shutdown e noon as po: nible. 1In
that horrible sftuntion, it was agreed that the beot cours: of action ic
to make an SPS abort mncuver fifteen minutes later using nn onboard
chart for mancuver tnrgeting, but I su. pe~t there are numerouc circum.
stances when the crew would change tui- d-efeion in real tim: and avait
renewal of comminicationa and tracking hy the earth to obtnin advice and
maneuver tarpeting from that msource. This brief paragraph fails by far
to give the rationale for this decision or to even define precisely

what 1t i3, I {ncluded it here primarily to call your attention to this
matter so that you can check into it further if You are i{nteresgted,

We reconfirmed the TLI aititude excursion limits to be LS degrees,
hovever, in order to mmse the tagk of crew monitoring, we will probably
modify this to be constant FDAI angles equivelent to the L5 degrees
attitude excursion at the end of the burn. That is, make the limits
constant throughout the burn rather then variable through the burn

an a function of the mttitude profile. MPAD is to make sure there ig
nothing wrony with that, The attitude exzursion limit for anll S5PS
mancuvers hn: been set to be 10 degreen throughout the durn. This is
n clight chanpe from the previous proposal which included n 15 degree
Timlt during the firet 100 seconds to be tolerant of {nitinl attitude
tranzicnts,  We now propoge substituting crev Judgment. That is, the
crevw will not take over even though the attitude excursion exceeds 10
degrecs, IT [t ic clear that thnt excursion ia due to a 8P otart

tr!lnnlcnt- i
.
U
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Howard W, Tindﬂll, Jr.
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) * Bee list attached DATE: November 5, 1968

68-PA-T=2L2A

oM : PA/Chief, Ap~llo Data Priority Coord.ration

JBJECT:  C' earth parking orbit duration s a variible

%

mmic note is Just to Cake gLre uveryond {; awame o0~ the rathe - siginie=
#icunt variation ir the time betiwecn carta orhi-, i=aertion {EII) nnd
trnnslunar injeciion (I) on tne ¢! miss.on, dependinn on das and
aziruth of luunca, Thi. came m: @ arprl-e 0o @ and may hav: oome
{mpact on what you ary doing. Accorilms "0 Lon weory, the tlhme fom
voI to LI isnition le o hours ad b omipites tt tne sinrt of tnc
December 20 launca window and duereases o O hours and "8 minites ut
the end. On the lagt Jay of th. Thuacs w.rdow, December 17, Jhle time
period ctarto at o nours an. oO minuses and choriens at tie .4 of

the window 0 2 hours and 7 mim.tes. ALl taene mumbero, of cource,
are for the firat TLI opportuni:y. It ont t+. de-irable to porfors a
cimulation with tihe shorter duritlon earty parklnr orsit Juat to moie
; sure everytalng goes tocether properly. ihe poorer soound coverau

a and shortened crew timeline may glve Jome croutie if it hasn't been
thougnt out in advance.

Howard W. sarcdall, JT.

PA:HWTindall, Jr.:}s

tio Uy, Savengt Londs e vbarly on the Puyesdl Savings Plan
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UNITED STATES GOVERNMENT
Memorandum

See list attached DATE! Noverber L, 1963

€8=PA=T-2h1A
PA/Chief, Apollo Data Priority Coordiration

When is the rendezvous radar des.grnate routine {B29) needed?

George Cherry (MIT) aexvd 1f it is possible to drop the rendervour

radar deslgnate routine (R29) out of the descent atort program: {rro
and PT1), He gave me she impreciion that to do w0 now would uignifiw
cantly reduce their work and permlt concentration in tasting in more
profitatle aress, I don't krow when the next Software Board rweting
15 - soon I hope. Pernsps this woulc be a suitable subject t bring

up at that time, ﬂ;‘w
W\ \/ N

Howard W. Tind‘u’ Jr,

PA:HWTindall, Jr.tjls

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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Memorandum

TO WHOM IT MAY CONCERN pare; November 1, 1968
68-FM-T=2L0

FM/Deputy Chief, Miseion Planning snd
Analysis Divinlon

ALEXANDER'S Rente-A«Car, Ine,

This 1s an unyolleited 'Wﬂ}u’iﬂpnjf_mm{u&nh&l_g&me

at Ponton, The wervice thepe peojle have provided has been go much

bettor than thatl which we previourly find that I'm prompted to write
thir note. ‘e poople mre coneirtently friendly, helpful, and prompt

nbout plek up snd deljvering to the terminaels., And the cars have hean

Howard W. Tindall, JY.

-

Junt great - often brand new,

FM:HWTindall, Jr.: )=

Bus U5 Surings Bomds Regularly on the Payroll Savings Plan
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UNITED STATES GOVERNMENT

Memorandum

See list attached DATR: October 25, 1968
) 68-PA-T-238A

PA/Chief, Apollo Deta Priority Coordimation

Descent Aborts - Part IX

This memo i3 to carry on from that three pnge snowflake I sent you the

" other day oh the same subject, It turns out we have encountered one

of those rare situncions when in doing somsthing to fix an undepireable
rituation we actunlly improve something elae at the same timr. Specl.
fically, the rendervous people wvant to tarpet the IM to a subatantially
higher orbit follovwing an early descen® abort than they had previously
propoeed. Thiz makea the horizontal ponigrade burn following the descent
abort larger, of course, and alleviatees that erary pitch profile problem
which ured to exist during an adort in the first 50 seconds of powered
descent, The point is that by rome fairly minor changes in the mpece-
craft computer program {LUMIRAFY), we can probably eliminate the special
nbort procedure we used to think was necessary early in descent. Changes
to the DPS abort program (P70) are essentinlly juct changes in some
rraeible constants. This does not impact coding tut has a sigrificant
{mpact on teating, By that, T mean the program will work now., The AR
program change noted in last week's memo {3 still required but is escentinlly
nchieved by a erasible constant change too., This will all be firmed up and
brought to the Softwnre Configurmtion Control Poard in the near fiture for
their aprproval or sometning.

Having the early abort situation under contr:l, we prested on to another
phase of descent aborts requiring some attentlon - erpecifienlly, how to
handle the situation when the DPS is not quite capable of getting the LM
a1l the way back inio the desired insertion orbit, In orde: tc estadbliish
procedures, it was necessary to make some assumptions. They arc:

1. VWe never want to "Abort Stage” and use the APS, {Ff tle DPS is
atill operational,

2. It is mcceptable to operate the DPS to propellant depleiion.®
3. We have no desire to use tl« APS engine npmin after nchieving orv!+

{that ir, during rendezvous). Of course, we intend to use the AP propellant
through the RCS interconnect.

* This assumption must be verified by ASPO and then inclhded in their
dnta bonks,

Buy U.S. Savings Dondr Regulury on the Payroll Savings Plan




h, The "Abort Monitor” in LUMIMARY remains active following s DFS
propellant depletion cutoff, which mey result ina AV monitor alarm, even
though the crew cslls up the AV residuals.®

If v can make the ahove assumptions, the procedures become quite simple
and standard. Namely, whenever aborting on DPFS, the crew will permit that
engine to operate at full thrust untll efther a guided cutoff i1 acheived
or propellant depletion cccurs. At that time, the crev will "proceed” to
the DEKY display of AV residuals. If the AV remining to be mined i
lras than 20 fps, the DPS will be mamually ataped and the orew «(11 utilire
the RCS to achieve the desired imserticn -ondition by nulllng the AV residunl:,
(It ie probatle that only the horizontal component need bhe trimmed {f n
convenient attitude reference is availatle, The FIAI eight Bnll rhould

be good for this.,) If the AV to te pmined {s in excess of IC fre, the
crevw will hit “Abvort Stage,” autommtically Jettinoning the DFS and lishting
off the AP to make up *he AV deffciency. Apnin, only the horizontalAV
repidunl need be trimmed,

It is to be noted thnt with the new, hich apogee we will Ve tareetinge for,
the RCS/APS switchover roint le ortital by a substantial mnretn (apopea

in excees of 75 milen) and so therw 17 po problem In the use of an  HCO

turn whose duration is less than 3 seccondn, It Is arlso to be noted that

if the AV required of the APS is lers than 100 frr, the turn daration will
be less than 10 seconds, which probadtly mnkes it unsafe to relgnite the

APS. There is sp much ryyntery with what ic and wkat {5 not ncespinble with
_the PPS we cannot reslly be sure about thaf. However, 1t does no® malter
since there is no prodlem nnticipnted in performing the rert of the mnruverr
wlth RCS.

Ore finnl comment « Lt han been proposed that the DIX be opernfed nt half
thyunt durine aberts to prevent lofting when the AIT) i regquirrd to nehjeve
nrhit, Two miles peripgee and four miles apogee Are the maximum effectrn,
Those do not significantly perturdt the abort rendezvous and therefore the
decleion was to mrintain full thrust,

¥ This arsumption must be verified hy me with MIT.

U

iy } J“rd W. Tihdﬂll, JI-

TAsIWTindall, JIr.:)s
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UNITED STATES GOVERNMENT

Memorandum

TO ! See list attached DATE: October 25, 1968
68-PA-T-23TA

FROM PA/Chief, Apollo Data Priority Coordination

SUBJECT! X-axis or g-axis for LM TPI?

This memo 1s in response to a question that came up at the October 71

D Renderrous Mission Techniques meeting., The guestion was: What in the
additional IM RCS prorellant cost {f we use the z.axis HCS translation
rather than the x-axis for TPFI?! Chuck Pace checked with the MPAD
Consumable people who figured the x.axis would cost about 15 lbs., (taking
into account the required amttitude changes and use of th2 APS interconnect)
and the z-axis will use at lemst 31 1bs, of RCS propellant (assuming the
best CG location), These numbers are based on current spncecraft data
book information. They intend to verify them through usc of a €D simula-
tion program in the near future and will document the results.

In the meantime, we can probebly use these estimates to decide which to
use - x-axisz which costs less RCS or z-axis which avoide breaking radar

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:,e

Buy U.S. Savings Bonds Regularly om the Payroll Savings Plan



UNITED STATES GOVERNMENT
Memorandum

TO : See list attached DATR: October 25, 1968
63-PA-T-236A

moM : PA/Chief, Apollo Data Priority Coordination
sumjecT: CSI and CDH beck into the AGE « mmybe

Apparently the TRW AGS people have done a pood job of putting “he new
rendezvous radar navigation filter into that dinky computer. In fact,
they nov estimate a surplus of some 80 words,

One of our brilliant yeums engineers here in MPAD - Ed Lineber-y - han
developed a simple technique for computing the DT an. CDH renlezvous
maneuvers provided the CSM orbit is near circular as it should be on

the G miesion (reference MPAD memo, SR.¥MF1-31B, dnted October 15, 1968,
subject: Linearized sclution for CSI and CDE for a miltiple=h.lf-orbital-
period transfer between maneuvers!)., 1In fact, he expects that It could
be fit into the aforementioned 80 worde. He and Milt Contella hnve already
discussed thic with the TRW pecople who nre looking it all over. If things
° '#0 well, he expects they will come to the Software Configuration Control
Board with the proposal to include 1* in some future AGS progrim and we
can decided at that time if that is the best way to use our li-tle & word
Christmas present,

I wrote this because that idiot Ed Lineberry 1s too darn modes to tell
anybody and I thought you might find it interesting.

(b~

Hioward W. Tindall, Jr.

PA:HWTindall, Jr.:js

Buy U.S. Savin, s Bonds Reg.. srly on the Payrol’ Savings Plan
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77 ymow : Pa/cutef, Apolio Data Pricrity Coordinatise

SUMECT: Some more C' Lanar Orbit Mission Techmiques

on & few things I would 1idr to tell you about. Along with the TET = .

buchhhwhlmupuenmuutnm:'wbit,wmm :

going to update the spacecraft state vector in the CNC every revolution. -

This will be done after tracking the peeudo-landing site and before the
+ Bome consideration wvas also glven to including »

We discussed the use of the tare recorder {f the high-gain antenna does

. not work. In this event, you reeall, it is not poutiﬁila to dump the

. 7 tape at lunar distances. The question to he angvered is: What data

- should be recorded on the tape to to brought dack by the spacecraft
’ . out of lunar orbit? Surely high-bit recording of the SP3 burns - 101 .

and TEI -« must be included and vill use about half of the tape (15 o
mimtes at high-bit rate). Recording of landmerk tracking on the back
side of the moon ahould have a high priority to be included and will
take very lit.le tape, The technique will be for the crev to obtain
all of the sightings on a given landmark, wvhich the OMC will temporarily
store in memory. After completion of taking that szet of observations
the recorder is turned or for approximately 20 seconds at low-bit rete
to collect and save that dat~, Since we are making eight sets of observa-
tions on the back of the moon, we ere only using 160 seconds worth or tape,

that is, about 2} wimtes out of the remsining one-half hour at lowedit
rate,

What else should be recorded is an open question and p-cplé vith reqnire-"-'
ments should come forward soon sd identify themselves 3o the procedures .
. can be worked out for the "no high-gain antenna” situation. Of couvrse,

1f the high gain is vorking, comimous recording on the back uide of the
- moon shvuld be standerd practice. S o S

- PA:ENTIndall, J¥.:3e

I
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UNITED STATES GOVERNMENT
Memorandum

See liet attached DATE: October 25, 19GH
68-PA-T-23hA
PA/Chief, Apollo Data Priority Coordination

' Continpency Heview

We went through the draft of the C' Continpency Mission Techniques Jdocument
on Octover 22, and I mant say I was impressed with its quality, Tt peemed
to me the Flight Analysis Branch, the Apolle Abort Workings Group, and TRW
had done a good Jjob of putting thir topether, The final vereion will be
digtributed within the next week or so.

One item that came ur needed recolution deals with the block dnta maneuvers
that is, those abort maneuvers which the MUC-H perlodically rends to tie
spacecraft to he used in the event of a subsequent complete communication
Pailure, It is ne~assnry to azree on the tarpetineg oblectivos of thene
maneuvers. Flret of sll, let me emphasize that the free rciurn trnjectory
that we adhere to on the way to the moon does not necessarlly provide na
water landing and alnoct assuredly doee not provide m lnndin; near the
primary recovery forces, ALl it does 1t to make sure that the spacecraft
can get back to earth with minimm AV in the event of an OPJ failure. The
question to be answered 1s: Should the block data maneuvers merely e
degigned to provide a water landing or should they also meert thne addltlonal
cunatraint of landing in the planned recovery area - that is, tar eted to
the CIA? Ve had been sgsuminpg that they would sim for the CIA, nlthourh,
this may require maneuvers of as much as 1200 fps, OSome people were guera
tioniag whnetkar 1t would be better to avolid making a maneuver any lareor
than 1= . : <sary to insure a water landing regardless of where it mi,ht
occur. Bar.eally, 1t ic a tradeoff between a maneuver (of up to 1700 fpe)
to get where we really want to go versus a cmaller maneuver (up to 790 fpr)
to provide a safe landing somewhere. Of course, there is also thr question
durine the translunar coast of when to target the maneuver for s direct
raturn which coste a lot of AV (up to 7,000 fpc) as oppored to roiny
arouisl the moon, which {8 much chenper. These t!inge are really mimpion
rilee wilch muat be er abllohed hefure the fligh., They appnrently aren't
nrreed to yet, At leaut I don't know th~ rule,

L] ’-—-—-_h“—u

y

Howard W, Tindall, Jr.

PASHWT minll, Jr.iins
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UNITED STATES GOVERNMENT
Memorandum
TO : Oee 1lst attached DATR: October 22, 1968
68-1%-1‘-999‘\

waon : PA/Chief, Apollo Data Priority Cvordinntion
suRjRCT: C' Spacecraft Navigation Miseslon TMechalques

It mppears ve have completed basic develotwen® of C' Apacecraft Navigntion
Mizsion Twchniques both ror Cisslunmr and lunar Orbit, Documentation of
thene tachnlques will be distriduted in the pear future, No further
meetings will be enlled apecifically for there oubjectn, Whatever open
ftemn come up will be handled in our weekly C! Mirrion Techniques Reviewn,
nlong with the rest of the atuff we 1i¥= Lo thlk about. At the final
meeting on October 17, we wrapred ur the Tranrlunar Opacecrnft Kaviens
tion Misnion Techniquen by adopting the fnllovingt

n.  The crew procedures and CM® untnte techniques should be ensentially
the same for trannlunnr an for tran:rarth. That i,

. (1) A fine alignment for acttant enlibmtion will be done prior
to ench navimtion exercise period, whlch urunlly inclwies n midcourse
correction mineuver,

(v) State vectors will be couputed onbonrd and the Wemtrix will
be preserved,

(3) MSPN state vectors relayed to the OMC will be to the IM slots, °
ote. :

b. It should be noted thnt the rurpose of the Tranelunar Spacecrnft
Navipgntion ia quite different than the Tranaearth Fevigation, The latter
in Intended to provide an onbonrd capability to back up MIFN maneuver tar-
geting and entry initislizntion in the event of communiention loes; the
former 1a to collect dnta to avnlunte nyatems performnce, primrily post.
flight, but to bte partinlly donr In real time in order to modify procedures
or GNCH parnmetera Lf necenenry prior to the trannearth lep, It bar heen
repeatedly emphnn{-rd that the teannlurmar navipantion nchedule Ina not deaiprned
to provite yniid comparicon of onbeard and ground detsiained atate veetors and
rich ecomparinon should not “e mule 1o avnlunte performnce. Mint in, trajrctory
centrol lowic will not e (nfluenced by the prriformnce of the apaeacenft navie
#ntion no mtter hov ool or terridle it in, That In an Imprortant point ani
nhould be well undrrntood,

¢, IF commplentionn nre lort on the wy Lo the moon, our curment

plnnn rely on the tiae of block data to tnttinte return to earth, Ik in

. nesumed that the accurnoy 6r any bloek dnta mnenver twred on tim MTPN
in aderunte to anpure minring the moon. (¥a have the artlon Ltem of

Buy U.S. Savimgs Bonds Regulurly on the Payrell Savings Plan
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determining how big the uncertainty of missing the moon ia for eircumlunar
aborts.) In this situntion the procedure is for the crev to reinitislise
the W-matrix prior to atarting the transearth navigation, That is, some-
time after passing the moon they should key in that verb vhioh resets the
W-mr-trix to the values loaded in E mewory prior to lift off, Currently
the valuen are 3,300 feet and 3,3 fps. It in to be emphasized that the
only reason we are preserving the W-smtrix during the translunar navigstion
is that we want to keep the procedures exmctly the smme as the tranrearth
rhase and W-matrix preservation ir then apparently important.

d. The first two batches of spncecruft navigntion cbservations are
designed for specinl purposea, Those of the star/earth horicon at TILI +
three hours are to be urced to determine theloontion of the horicon above
the Fischer Ellipsold. Thiz wvalue will be determined in-flight by the
MCC-H and will be related to the crew by voice or CMC uplink. (The mode
has not been determined,) The second batch of observations are of ntar/
earth landmarks {at TLI + six hours) and are included to determine how
well observations of that type mny be mndr in the event of n commniention
loss during the return to earth. It war eatablinhed that if earth land-
marks are not visible, the exercise will be del-tsd, That ia, it will not
be replaced by mnother type of observatfon. Tha. asituation, of course,
ia not unlikely considaring the lighting conditions and cloud cover ve
can easlly encounter, I these ohoervations are not obtained on the
translunar leg, they should not be used in the event of a commnication
loes on the transearth leg unlese the crew has no confidence in the navi.

gation using star/horizon cbservations to hit the entry corridor,
LY
% wmrd W, Tindn:l, Jr, l

PA1HWTindall, Jr.:)n
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UNITED STATES GOVERNMENT
Memorandum

Bes list attached DATR! Ootodor 18’ m
68-PA-T.008A
FA/Chief, Apollo Data Priority Coordination

C' Contingency Procedures - Draft Review
A reviev of the C' Continpgency Procedures Technlques Doocument ia currently
scheduled for October 22, 1968. Topiecs included are:

O TLI ¢ 10 and MLI + 90 minute aborte

© Translunar Comst Adorts = Block data

G 101 and TEI Mode I and Mode IT mborts
The burn monitor procedures are included in other techniquen documrnta,
but will be summrized in the continpency techniquea to provide a come
prehensive document,

Draft coples of the decument will be provided at the review wvhich ntarts
at 9100 a.m, in Room 396 of Building b,

Yadi 1o das

fowvard W, Tindall, Jr,
m:mmnn’ JP-:J!!
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Memorandum

: Sea list attached DATR: October 17, 1968

68-PA-T-22TA

: Pa/Chief, Apollo Data Priority Coordimation

SUBJRCT: D Rendesvous Opan Itema, Action Items or whatever you call them

I've revieved my notes of the D Rendesvous meetings over the last
couple of months and have found the following open/aotion items, I
guens moat, if not all, are being vorked on. Put time grows short
and 80 I'm sending this list around to mmke sure of li, If you know
of others, please give me a call,

1. (TR¥) What sre the expected AV restdunls at the concluaton of
the AGS control.ed, DPFS phasing burn? We want to null the x-axis to
within 2 fpe but muat avoid excessive RCS Jjet impingement. o

2. (MPAD) Shall the IPS be staged for rendezvous at TPI? It ha,
baen decided that the greatly improved vehicle maneuverablility and
resultant saving in RCS fue) makes this desirable, provided no recontact
with the staged DPS is positively assured, Bl Lineberry is developing a
technique to do this.

3. (MIT) Braking procedures are placing heavy weight on the
rendezyous radar mnge and range rate, of course, If the tape meter
fuils, it is hoped that the crew can get rawv radar date displayed on
the PONCS IBKY by use of the V62 KR self teat routine. MIT is reguested
to verify this technique worka and inform us of any conatrainta or
idiocayncrasien involved in this procedure,

b, (MPAD/ASFO) What is the accuracy of the PONCS rendezvour
nav:gmtion when using an IMJ nligned with the COAS ruther than the AOTY

_ASPO should define the accuracy of a COAS which har not been calibrated

1nf1ight.

% (MPAD/MIT) When computing the TPI_ solution using the PGiCS
Flewntion angle option, vhat solution will®be obtained? Note timt the
apacoccra’t will pass through PT.5° two times in the football trajectory,

6. What other problema or speainl procedures are needed for the TPI
mneuver, if any? For exnmple, onn dispersions make it more desirable °
to ure the time option. It is interesting to note that the ‘I'P:o mAneuver
iz applied more-or-lesa away from rather than toward the targat spacecraft!
Thie certainly affects the Eacﬁp techniques involving boresighting along

the 108 developed for a “standard" remiervous TFIL.
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T. (THW/AGS) howv is the CEM state vector in the AGS updated LIf the
PGNCS has failed and the CSM makes a mmncuver?! Note the AGS har no progrem
equivalent to the FONCS "Target AV" (R30).

-7 8. (PCD) Assuming the LOC is powered down after the docked DPB
turn (is this true or is it set to standby?), an E memory check is
probably needed to commit to rendemvous. If required it must be added
to the timeline and posltlve proceduren developed to do it,

9. (MIT) Can the time required to make a GNCS PIPA bino test be
reduced to less than P56 mecondn?

10, (MPAD) Determine expected (3 atmmn) shift in TPI time from nominnd
during the rendegvous to asaist in relroctime the TP altuation to aim for.

11, (PCSD) Define TPI window of aceeptable lighting comdltions and
degree of constraint "hardnese.”

12. (Data Priority) Paned on 9 mnd 10 (above) entnblinh the minaion
techniguen reparding under whnt conditions, if nny, the "Elevation Anple"
option for TPI should be abardoned in favor of the "Pime" option.

13. (GAEC/TRW/GCD} Shall an AGS pyro ealibrntion be performed durlng
the rendezvous period of activity? This depends on expected improvement
in performmnce vernus probability of screwing up the pystem.

14, How do we verify that the AGS is properly aligned from the PGNCS
given the ponsibility of CDU trancients!?

15. Of course techniques for monitoring all of tha mnin engine mnnecuvers

are still undefined and must be dﬂ[hped. ,

Hownrd W, Tindall, Jr,
PAIWTindnll, Jr.:)e
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UNITED STATES GOVERNMENT
Memorandum

See list attached DATE! Oatober 21, 1968
68-PA-Tw226A -
PA/Chief, Apollo Data Pricrity Coordination

Dencent Atorts

We have finally started mission techniques meetings on lunar landing
descent aborts. At the risk of losing whatever confidence you might

have in my judgment, I would like to describe a technique we are probably
going to propose for aborts early in the descent phase. That im, within
adout 25 seconds of commanding the DPS to full thrurt, It is a technigque
that Joe D. Payne and Floyd Bennett have been suggesting for quite a wvhile,
but which most of the rest of us had been unwilling to accept.

First of all, I @6n't think anyone will argue atout wha* should be done
between initialization of powered descent and DPS throttle up after the
trim gimbal period (currently set for 26 seconds). The AV acquired
during that period only drops the apogee down to about 40 miles 8o the
best thing to do is probably Just shut off the engine and »sit tight.

That is, no immediate abort maneuvers are required unless it is necessary
to get away from a hazardous DPS stage.

After going to full throttle, though, there im a short period (roughly

25 seconds) during which aborts become a little difficult to handle,

In this region the trajectory rapidly becomes suborbital, making an immediate
abort maneuver necessary to achleve s safe orbit, The problem is that the
spacecraft 1s orlented retrogrude to perform the descent maneuver, wvhich

is exmctly opposite to the direction required to get back into orbit., This
causes the problem. Namely, if we want to abort on the DPS, you have a
choice of:

o Either turning off the engine, reorienting the spacecraft about
180%, and reigniting the DPS to maxe a posigrade burn into orbit - and
r oti= wants to turn off the engine! or

b. Leave the DPS englne on as the spacecraft is belng reoriented,
Unfortunately, in order to avoid gimbal lock this sttitude maneuver mast
be made in the pitch direction and leaving the engine on causes us to
hoquire a large rndlal velocity during the attitude maneuver which must be
removed, To do thic the spaceeralt would go through a pretty wild pitoh
profile rotating almost a complete revolution from the time of sbort to
the time of engine shutdown. The reason for this is that sttitude change
is made at a rate of only 10 degrees a second, which means the engine would
thrust with a component in the rndial direction for a long time. As you can
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immpgine, there are alao considerable problems in the guidance equations,
which vould cause theengine to be shutdown prematurely under cortain
aircumstances. .

Abort Staging with the APS is not much better aince it was felt necessary
to provide an immediate separation maneuver (currently coded to be three
seconds or 30 fps) to get away from the DPS before reorienting to posigrade
attitude, And, you can't leave it running for the same reasone as the DPS.
Bo you see, even for an APS abort, we end up turning the engine on, then
off, and then back on, which ve don't want to do.

Let me point out that after edout 25 seconds at full throttle, the hori- -
zontal velocity required to get back into orbit when combined with the

radial velocity picked up during the attitude change results in a guidance

and attitude control situation considered acceptable, That is, it is not
necessary to turn off the engine during the pitch over to poeigrade atti.

tude, Bo our only concern is with aborts during the first 25 seconds after
throttle up, when it is neither mcceptable to leave the engine on nor to

turn it off for fear that it won't start again,

Etandby for Payne's solution!

. It is proposed thnt in the event of an abort recognized in that trouble«
some pericd to continue operating the DPE in the rotrogﬁgde direction
until we have reached the time it is possidle to mmke attitude change
to the posigrade direction without turning off the engine! If the IPFS
is the system that lzn't working and it is necessary to "Abort Stage" and
use the APS, it in proposed to burn the APS in the retrograde direction
as long as necessary to resch the point when ve can pitech to the posigrade
direction without turning off the APS.

This solution, you see, avoids the need for turning off an operating
engine and makes the procedures for both DFS and APS about the same in
this time period ns they are after this period. The thing that takes
avhile to get used to is burning in a retrograde direction lowering the .
orbit still farther after a need for an abort has been rccognired. How
do we rationalize doing & thing like that! We currently feel that the
ndvantayges of the simplified, standardired procedures and particularly *
of not shutting down a running engine sufficiently Justify thruating to
. n situntion a little worae than that which existed at the time of abort

- recognition. And, of course, we do hive a tremendous propellant surplus
{f we abort at thia time, PFurthermore, aside from some problem assoclated
with throttle up, the probability of an abort being required in this 25
pecond period sesms awfully remote making it very difficult to Justity
development of a unique set of abort procedures and training to use then,
In effect, this proponal creates two rather than three abort rones, No
abort maneuvers are required prior to DP8 throttle up since the IM ia still

. orbital, Procedures after throttle up are all the sama, There is no discrete

point in the descrnt required speciml techniques,




Pormlation of the LUMINARY DFS abort program (PT0) is completely compatible

vith this procedurs. That is, for a DFS sbort the crew would alvays delay

taking sabort action until 25 secords after throttle up. A program change
will be necessary to support this procedure in the APS abort program (PT1) 58
g0 that if the crev hits "Abort Stage,” the APS will light off and separate, “
maintaining a retrograde attitude until 25 seconds after DPS throttle up
time, Then it could go into the adort guidance as currently programmed,
Bpecifically, the change 1s to have the spececraft perform a contimious
retrograde APS burn as opposed to a three second burn followed by an .
attitude change and reignition. :

Mal Johnston of MIT was at our meeting and will discuse this with our
friends in Boscon, We'll talk about it some more next time after think-
ing it over a couple of weeks. 1I'd be {nterested in your comments.

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:]s
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See 1list attached pDATR: .Octoder 16, 1968
68-IN-T-225
FM/Deputy Chief

Results of the October 8 Apcllo Spacecraft Software Configuration
Control Board (ASSCCB) meeting

In this memo I will Driefly describe some of the highlights of the
cubject meetling:

1. There was a long discussion regarding the effects of CDU tran-
~ients on AGS alignments vwhile on the lunsr surface, Jt appears there
arc some fairly simple procedures for making sure unacceptable errors
are not introduced into the syrtem, A matter that was not discussed
wvng whit sort of probleme we can have in the AGE alignment vhile on
consting fllght where spececraft attitude chanpes meke checking very
difficult. We will have to pursue these mmtters in the mission
techn.q.es development,

2. There were four PCR's approved that I would like to call your
attention to. They are:

a. PCR 546 (LUMINARY): Delete V50N25 display in P68, Crew must
insure a stable IM before "proceed” response to VO6R43., The V50N25 dis-

"play ic not necessary. Attitude stornge can be done after crew response

to previcus VOANL3,

b. FPCR 54T (LUMINARY)}: Delete V3ITNST display at end of P63 and add
"Do final automatic requeat terminate routine (ROC)," Chapter L incorrectly

shows PE8 terminating with VITNST.

o c. PCR 551 (IUMINARY): Reduce normal maximum commanded rate from
20" /sec. to 1k /sec. since maximum commnded rate of ACA normel scaling is
too high for manual lurar landing. Reduce normal and fine scaling by a
fnetor of T for the C8M-dockad case #'ive normrl and fine scaling of ACA
ay too high for manual lunar lamnd!ing. ' '

@, PCR 552 (COTOBSUB): Add P2 assumption to read ae tollows: The
firot merk obtalned by this program cannot be the landing site. Coding in

P;2 canrot accept landing site as firat mark.

Buy U.S. Savings Bonds Regularly en the Payroil Savings Plan




3. Since sll of DPS guided burns on the currently planncd missiona
terminate at b0% thrust or less, it vas decided to place the DS talloft
- for MO% in memory rather than full thrust.

b. MIT requested that we approve a change (FCR Aok}, which would put
the LOC value of landing site location (RIS) on the ascent and deacent
Acwnlink format. I am not sure wvhy they want this unless it iz for ayatems .
testing purpoces. Notet We have no capability of resding it out in tire
control center in real time right nov,

5, TPCR 250 to put SP3 meee flon rte (N DOT) {nto ermaible memory of
COLOBSUS 1A was approved,

6., FCR Th5 to permit use of planets in PP} and R53 waa approved for
COLOBSUT IT but will not de in COLOBOSUT 1A,

T. Juet no thers 1a no mivunderstanding on thios, MIT hae beern directed
to delete the remdervous mdar scmuirition routine EBZ’Q) from the LUU
descent program (I03) completely,

| o
Boward ¥W. Tindell, Jr,
(] PMIHWTInda1l, Jr.:jn
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TO ! Sew llat attached DATR: October 16, 19GH
68-PA-Tup0kA

TROM : PA/Chlef, Apollo Data Priority Coordination
SURJECT: C' Earth Orbit and TLI Mission Techniques Open Items

It appoars ve have the BEnrth Ortit ani TLI Miss!ion Techniquea for the
C' pretty well under control, The only two sipnificant open items that
I know of denl with the optics eheck and the erew procedures for pro-
tecting asgalnst an SIVB engine cutoff failure duping TLI.

The problem with the opsics check s that no one han renlly established
whnt they ar= trylne to nceomplish by doine 't, My own personal opinion,
of cours?, is that it 1y not remlly necrasary. That 1o, we will be willing
to do 1LI with the optics busted, whnatover that means, since we phould be
able to align the platform ucine the COAD pood enough to perform the

return to earth maneuver. Althoupgh, I rurss, we really haven't proven

. thnt to everyone's satinfaction yet,

Hov the erew should backup the SIVB IU engine cutoff eignal hmae been n
sticky wicket {I believe that i the cxprescion), I think we have now
gotten through the emot'onal phase of this one and have reroed in on two
possible techniques, bosh of which seem pretty good. The one I perconally
favor war propoced by Charley Parker, Ite merits are simplicity and the
{act that (¢t glves the IU the greateat chance to perform ita Job, {f (¢t {n
polng to, Paslcally, no crew nction would be taken until after an elapeced
turn time in equal to that expected from a 3 sigms low performing engine,
Tnis would be like 10 scconds pnat the nominal burn durntion. At that
time, tho erev would mnuelly shut the engine down as 300n as the GNCS
Indlented the tarpeted inertial velocity has been mohieved a3 readout from
thelr IBKY display. Of course, {f we really have had an T fnilure, the
GNC3 would indicate that we have already exceeded that velocity at that
Lime and ro the crew would take immediate action by turning the nbort
hnidle to rhut down the engine and return it to its neutral porition to
avold aulomatic separnt on of the spececraft from the SIVB., (Note thas
the M3 AV countor plays no role in this procedure.) In the event the

IU s truly failed to nend the cutoff command when Qverythling :lee in
perfectls normal, thie jrocedure would result in sn overspeed o' about

500 or 600 fpe which would require a 2,000 to 3,000 fpn returnaio«nominal
mideourar mancuver three hours after TLI. This does not preclule going
inte lunrr orblt,

Thr alternnte proporal In prreisely the rame an thnt, oxcept than an nidla

. tional period permitting mamuml crew engine cutoff in included - hnmely,
b4
&
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thnt, papict containing all burn dumtlons possible with a 3 sigme performing
anpine,  Thin would be n 20 necond perlod ecentered nhout the nominal cutoeff
time, During this period, the crev would send a manual engine off command

if both the GNCS and the EM5 AV counter indicated the desired cutoff welos

city had been achleved.

Studies are continuing on both these techniques and a crew preference will
also be obtained hopefully lesding to resolution within the next couple of
veeks, BSince there is no crev similat!on facility capadle of falthfully
simulating the TLI mancuver, it will not be possible to base the decialon

on expsrience gained ir that way,

LY

A
Howard W, Tindnll, Jr.

FAHWTindnll, Jr.ijw




FROM

T v tom o

==" [ L

SAUNTITED STATRES GOVERNMENT

Memorandum

See 1ist attached DATE: Octoder 16, 1968

68-PA-T-22PA
PA/Chief, Apollc Dete Pricrity Coordination

SUBJRCT! C' meneuvers - 818 versus RCS crosscover

Neil Towneend (EP?) informed me by phone - and wi{ll supply written
confirmation - that the mintmum duretion 8PS burn for ' should be
no leas than 0.5 seconds, We had been atsuming something smmller,
According to MPAD (Dtis Graf, FM7) this m. ss the crossover point
between use of the RCS versus the 8PS anginet

Translunar mideourse correction = 5 fps
Transearth midcourse correction - 12 fps

These values will be sxplained completely in an FMT memo soon to be
distributed, I Just vant sverybody to be avare of the nev values and

to start using them in his planning. P
T

Hownrd ¥. ‘I‘lndlll, Jr.
PA{HWTLndall, Jr.t)s

Buy U.S. Savings Bonds Regularly on the Payrol] Savings Plan




BFTNAL FORM WA W
MAY 1R EBITN
RTY PEMA {6 OPR) W1 e

UNITED STATES GOVERNMENT
Memorandum

10 ! 8ee liat attached pATE: October 17, luni
G8-PA-T=-220A

YROM : PA/Chief, Apollo Data Priority Coordination
uBjzCT: Transearth Spaceoraft Navigation

During Jim McPherson's Treansearth Spacecrnft Navipgntion Mimaion
Techniquers mecting of October 8 and 15, n potpourri of ground rulen,
working apreements and corotrainte wma ertnblished, I may be dupli=
cating other reports with thia memo tut f{pure better too many reports
than mot enough. All of the followine apply speciflonlly to the firat
batch of sextant sightings = star/lunar horizon = nfter TEI on the way
| back to earth, Many mny also aprly to later navipation olLservations,
but I won't attempt to ldentify them herc.

a, Prior to initlation of trencearth onboard spncecraft navipntion,
the pre-TEI MGFN atate vector navignted through TET will be stored in
the CMC IM rlots and will be used to initinlize the navigntion. That

. 18, no now state vector w!ll be uplinked,

b. Naviyation using star/lunar horizon observations glve approxi=«
metely the same accuracy as otar/lunar lnndmrks - at leaet as far ns
hitting the entry coreridor is concerned, Accordingly for purposes of
misplon simplifications - both pre-flight preparation and real time
operation - all star/lunar landmnrk obrervational exercises will be
deleted from lunar mieeions starting with Ct, -

¢. This exercise is to start at TEI + 1} hours,

d. Altlitude, which ic not a conatmint, should initinlly be nbout
6,000 nautical miles,

e, Biars of 2.3 magni:ude or brirhter are required for lunar observna
tionc, .

f. Due to the required spaccernft actltude, the hi.gain antenna will
probably e out<ofalock. Therefore, low bit rate telemetry will probably
be ured to tranamit the data in real time, If wo, mirks miet be wmde no
more frequently than one for each 10 eccondms - procelures are reqiired to
nesuroe proper downlink sntenna in selected,

t. After completion of this exercise, the crew will obtain nextant

vhotographe of the lunar torizon - to see what the horizon looks Like ';, -
nt nltituden of 20,000 to 20,000 nauticnl miles = not to determine itm
. loention,

fimy U.S. Sevings Dlonds Regularly on the Pusroll Savings Plan
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h, The Wematrix will be iniiianlized to 3,300 feet and 3.3 fpr. If
poreible, they will be initialjized at TEI and propogated from there, These
arc the same valuee to be used after TLI and included in the B mewory load,

1., MPAD and MIT will entablish the AR, AV threchold the crev should
use for fdata nelections - hopefully, it will be simple but perhaps munt
be n function of geometry and time in the mirsion. (The data {s on the
downlink repardless of whether the orew nceepts the updnte or not.) It
thould b= noted that no pood simlation Mcillity will cver be awmilable
t¢ provide the crew nny pro-flipht jJudement. Although the V83 rendenvonn
RR dlsplay plvrs relntion of pre-mavimtion veraus mmvlynted atate vectorn,
thir kind of nctivity shnll not bte a pnrt of the deele on lopic. 1If
somone come in with 1 cood, useful preporal, thin will be reconcidernd,

J» A P50 allen shnll be performed fmecdiatcely prior to thia exerelne,
k. The nextant enlltration chall be pepeoated unt il aprreoment. of at
lenst two checkr {not neces arily sequential onrs) are within 006
beforr "precesdine,”

1. Soxtant callbrnlions will be prerform! ey ry oncehmll hour.

M. The CMC clock chrll b updnts ¢ by the MCC-H whenever in “error”

by more than 0 seconde,

Hownrt W. Tindall, Jr.

FA:HWTindnll, Jr.:js
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UNITED STATES GOVERNMENT

Memorandum

TO :8ee 1list attached

DATE: October 15, 1968

68« -T2194
FROM ;PA/Chiet, Apollo Dmta Priority Coordirat:ion

sucjrer: Lunar Rendezvous Mission Techniques

A number of peopie who know abo.t t-¢ serdezvous raduy (Myron Knyzon,
Richard Broderick, etc.) came to 6ur i.+tle Lunar Rendegvous M usion .
Techniques meeting Octoter . and aszun - . our anxieties reeumiing the

posaibility of poor shaft angle masurer<nts when the line-ofaright to
the comnnd module pasres cloce to the lunmnp horizon., According to the
data they presented, tre error .atrodu..i uy multlepath !n the rendezvous
ragar data is esnentially lont in t*~ rolce faor elevation angilcs mbove
10” from the norizon. (Durins tae rczirnl lupae rendezvous tracking
berins at approxirately 10° clevst.or snd approacnes 20" at CSI.)

“Ei Lirederry's people have mie -utlel.~% runn %o rhow that {t &=
possible to use the same CST tarqet 5 :ata computed In the CMC for
L¥ maneuver solution compar:ison (properly tiaced) and for CSM mirror
. irage maneuver targetirg., We are currcntly recommenaling that the OMp
use P32 rather than P72 since tnis would avoid the necessity of going

through two pre-thrust pPrograms.

One of the most significant things comins: from the meeting, I tulnk, wns

a report by the Math Physics Branch peopie 10 the effect that the rendecvous
rniar data is not expected to be of sufr.elent gecurncy W tai et plane
change mancuvers prior to terminal phase. The entimated errors arc almply
too great (e.g., 11 fpc, one elpma). Accordingly, all plane chanse targeta
ing prior to terminal phase must come fyom the CSM which carn do an excellent
Job given as little as 10 minutes worth of sextant tracking (0. fps, one
sigm). This does introduce sort of a Problem since the technijue for detera
mining the magnitude of the Plene chanen maneuver iz to input the time or
intereat into the R36 Toutine. Unfortunately, 1f we put in the time of the
LM maneuver, the solution would apply to the Out-ol-plare the commnd module
should make at a subntantially d!fferent Place In orbit, _For example, at

CSI the command module is lending the LM by an mueh an 12°. Of r~ourse,

the CMP could go through some "mickey mouse” to bias this time as o function
of this phase angle based on some charts or somethlng, llowever, he is
already rretty well bogred down with other work and U we mre rolng to put

in a program change request for COLOSSUS II Flving ue a colution bascd on

the IM state vectors:rather than the CSM state vectors somewhat ns the TO
series programs compliment the 30 geries.
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Jack Wright, TRW, had an interesting ldea regarding the technique for checke
ing the validity of the VHF rmnge data. It is hls Impresaion that the
rendezvous radar range amd range Tmic messurenents are essentially independ-
ent of one another, in effect providing two data sources for comparison with
the VHF. Agreement of cither of these witn the VAF would provide confidence
in its use. The crmw display of raw VIF data {s not really sccessidble to
the CMP in the lower equipment by an:, @7 course, does not provide range
r«te at all. Therefore, the compariscn must be arninct the DOKY dlsplay

of range and rance rote based on the pavimted state vectors which include
the sextant observations, It secms to ws, n liru of real deata that thla

is probably a walld test of the VHF zin+* (% prolntly overwhelms the

soxtant data in the :determination of ruv!os ! finpe and rane nte, I
would llke to emphanlze that thin 1o = povro: il requiring verification

ard may prove to be not useabdble. joww =, I itnou ht 1t interesting enourh
to pass on to you.

-~ —
~

OM.Q‘N:;
T, We T.rmzall, Jr.
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Memorandum

See list attached DATE: Octoder 10, 1568
68.Ta-T-2184
PA/Chief, Apollo Da‘a Priority Coordimation

D Rendezvous Mission Techniques

On October L we met to review a draft of the D Rendervous Miesion
Techniques. Although we spent the entire day we didn't gut past page
3 and so it i{s obvious we are goirg to have to beef up our effort in
order to get all this cleaned up. In fuct, I am going to achedule a)l
day meetings every oth:r Monday specifically for this jurpose,

I feel ve did accomplish some rather important things in this meeting.
The most significant was identifylng exactly what pleces of equipment
mst be working in both spacecraft at each of four go/no go points,
namely:

a. Undocking

b. Separation into mini-footbell

ec. Phasing into football

d. Insertlon into C8I/CDH rendezvous

T™is is the first time we have made a coordinated attack on this subject

and I feel we vere probably 90% successful or dettar., I have attuched »
table summarizing the results which you may find interesting. The decision
a8 to whether each piece of equipmen:i was required or not in order to go on
wvith the mission phasa ig based on a pretty detailed understanding of how

ve want to do the rendezvous exercise and how we want to get out of trouble
if other niecee of equipment subsequently fail, We sdopted, as a general
philosophy, that the commnd module muat be prepared to rescue the LM and

80 we insiated on having redundant CSM cepability for all crucial operations,
In the LM we were somewhat more liberal essuming that the CMC rescue capability
provides an adequate backup for the next LM systems failure for all operations
except braking. This philosophy seemed to us to provide the best tradeoff
between crew safety and assurarce of meeting mission objectives. One item

I would particularly like to point out regarde the AGB which we feel 1s not
required for anything except Insertion into the CSI/CDH rendezvous. It may
seem inconsistant that we are willing to make the phasing burn intc the
football rendezvous but then not go for the second bigger loeop. The resson

Buy U.5. Savings Bends Regularly on the Payrell Savings Plan




was that most objectives will have been achieved in the footdall and the
additional experience gained in the CSI/CDH rendeszvous does not appear to
Justify the risk of demanding CSM rescue for subsequent PORCS failure.
Incidentally, the thing we want the AGS for in this cese is not rendezvous
navigation or maneuver capability but as an attitude reference in the
event we lose the PGNCS. This is considered important since without it,
it may not be possible to keep the tracking light oriented toward the
command module.,

Some other itema I would like to liet briefly aret

a. Whcreas previously we had stated the MBFN solution for CSI and CDH
would be used to target the ACS, the crew has a strong preference for ueing
the FONCS solution once it has been tested and found satisfactory. They
feel this gives a better burn monitoring. Our main reason for having
suggested uring the MSFN solutlon was to avoid unnecessary activity close
to burn time., However, since the PGNCS solution ls checked before the AGS
targeting is loaded - that concern is not longer valid,

b. We had stated that no redar dsta would be input into the AGS prior
to CSI and CDH. To thls we are adding the football prior to TPI_ unless
the PGNCS fails or it is known that TPI_ will be executed. °

¢. It has becn established that the LGC rendezvous navigation Wemmtrix
will be initially sct to 1,000 feet and 1 fps. In addition, it is necessary
to set initislization value for the radar angle biases. The value selected
for this is ,001 radinns,

d. We have cstablished a mission rule the flight controllers should
utillze in targeting the mancuvers prior to the rendezvous exercise in
order to meet satiafactory rendezvous lighting conditions and MSFN
coverage, They may permit the [Lh for TFT_ (that 1ias, the football
rendezvoun) to vary + 1 nautical mile. Th® [}h for TPI should be tar.
geted to be 10 + O nautical milena. Actually this tolerance variation
in the football provides quite a bit of control for the real time mission
planner and he should be sble to do the CDH targeting to meet the TPI Ah
constraint.

An open item still hanging around deals with whether or not an AGS gyro cal-
4brntion should be porformed during the rendezvous exercise, I believe both
GAEC and GCD have stated it should not for fear of screwing up the AGS gyro
calibration. TRW's AGS pecople, I believe, would llke to have the calibration
done since they feel it would greatly improve the accuracy of the system.

Of course, everyone nprees with that providing the c¢alibration works, We
mist vote everyone concerned with this agesin, I pguess; right now the crew

has Included it {1t the timeline while dogked to the

<Heonlge A s
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LM systems u'qulrod te continue tte exercise assuming that CSN rescue
provides sn adajuste becthup for hlluo(:,“'; ‘B..\_‘_\).

SEPARATION INTO PMASIRC INTD INSERTION,

LM SYsTENS UNDOCKING MINI.FOOTMALL _  FOOTBALL 31 /com
roRCS LGC 2! r x 2
™ x! ¢ R 2
acs® am - - - a?
ASA - - - a?
ces n! x n R
DPS/DECA m - ot n’
t m» r? R R
Taps Ilctn! 3 m ] m
Event Timar )| m NR -
M'l’ | | R ]
AOT or coas'? m - R R
Pand Controll"s“ n | k |
Cross Pointers M - M 3
CSM Tracking Light MR |} NR m

Redundant CSH Systems reguired te preovids LM rescus capability without
Wwaseigtance,

L J

CNCS CMC L} L] | 4 ]
M NR n. »
opt uil’f XK | R R
SCT NR L | 4 R
COAS R m . m
SCS PMACS hil H‘. Iu l.l’
Goc MR - m |
DAL 's xn -’ l )
s L] m R | ]
DKS\'I3 NR - R | §
Nandcontrollers | ] [ x r
NS AV Counter NN L | - | ]
Lvant Timer NR m L L
1M Tracring Light MR ml* 2

Eithar PONCS or CZS required since "Direct” is assumed acceptadle for docking,

Apsuming ajditional anperience gained {n the £31/CDN rendesvous does not

Jusetfy the risk of demanding CSM rescue for subsequant PCNCS [ailure.

Includas DEDA .,

Alt:rnate mission may be possible.

Sominal trajectory possibla with APS/RCS,

Includes transponder, Scwag tvm s

Separation acceptadle {f,test odbjéctive can be sccomplished,

Assuning AR self.test{wed) P2 R0 s RR weale Y,

One or the other required - not both,

Assuming rendezvous navigation studiss show uncalibrated COAS IMU al{gmnment

is adequate to make flight mesningful,

11, Translation and at least one RHC,

12. One/channel,

13, Crew to vearify one CSM DSKY adequate to {erform rescud for 3PS burns and
navigation,

l4., Assuming rurning or cabin lights are vieible ot 2.3 WM,

LY
v oe o aom . .
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UNITED STATES GOVERNMENT

Memorandum

PA/Manager, Apollo Spacecraft Program pATR: October 2, 1968
68-PA-T=-210A
PA/Chicf, Apollo Data Priority Coordination

C Mieseion Techniques - are they being used?

As you suppested, I checked with Phil Shaffer - Chief, Flight Dynamtcs
Officer on the ¢ mlesion - to delermine if the flight crew and flight
controllers are followlng the misclon techniques we developed. He

ie completely satisfied that everything is being done properly - at
lenst those things they arc cble to olrerve from the similations,
(There are some things the crew does that only a cockplt observer
could cheek, of course.} For example, he says folluwing each simla-
tion therce is a complete delailed discusalon of such things as data
source comparisons for rendenvous (TPI) and the crew is feithfully
doing "right.,"

Boma things have been changed sinee our decument was upiaied the lasi
time, but only after discustcion with pll Interested parties to the
same extent as during the original Techniques Development. The point
is, "spur of the momont” changes are not belng made nor are changes
bnscd on tomcone's whim,  Exanmples of changes are:

6, Uzc of the G&N to ruke a retrofirce burn which tust he delayed
at the last mom nut - by reeyeling through the pre-thrust program (P30)
and changing TIG = rather than welng the 805,  (See paragraph 2.6, page
13 and loglc page 33 of S-PAET-011, our latest Mission € Retrofire
and Reentry Docunont, dnted Septerber 6, 1968,) Actunlly, this is
whnt we alwaye wanted to do - the erew resirted {1 becnuse they didnft
Lhink they had enouph time. Now they ngree 1t's test,

b, Trimming AV restduals after retrofire is now done cince ft avoids
having to reeowpute the enlry pod datn - i.e,, 1t keeps the burn nominal
and the pre-turn entry dala remudns right, We previously felt trimming
wvas unnceeraary and crovded the timelin~ when they should be separating
the CM froa the 8M,  Simulatlons have shown the new technique to be
guperior. Everycne aprecs,

Houvard ¥, Tinlall, Jr.

Qe

' FC:'/P- C. Shalfor

FARM e 1a1Y, Jr.tda

Buy UK. Sevives Ponds Regsehinds v the Poyroll $ovivgs Plan




SPTRRAL FORM Wb %
MAY W ERIT
Sl et (8 SR} Whin

UNITED STATES GOVERNMENT
Memorandum

See liat attached DATR: Beptember 27,

68-PA-T-209A
PA/Chief, Apollo Data Priority Coordination

C' Misslon Technigues

Attached nre & 1list of ground rules and vorking agreements I ocompiled
from my notes taken at the Beptember 131 and 14 Mission Techniques
meetings and the September 20 Lumar Abort meeting, all on the C' misulon.
This list is far from complete. BParically, these itemy are only the
changes and additions to the material in the existing Mission Techniques
documents already published, which are generally amccurate. I pul thls
together to document what I thought was agreed to. We will get together
on October 2, 1968, at 1300 p.m. to review this whole thing. FProbably
going through thiz list will be the easiest vay, Dbased on that, TRW
will prepare Xerox review copiles of the following Missior Technigues
documents for review and publication on the following dates:

Subject Review Publication
Earth Crbit and TLI October 10 Qctober 21

Translunar MCC and I0I Oetober 16 October 28
TEI, Transearth MCC, and Entry October 9 Cetober 21

Alsc attached is a 1ist of some of the mction items coming out of these
meetings.

—— )

M\ILAJ% .

oward W, Tindall, Jr.
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September 2T, 1968

C' LUNMAR MISBION
GRQUND RULES AND WORKING AGREEMENTB

-+

Genernl

1.

It has been established that all earth orbit cperations prior to TLI
will utilize the pre-liftoff REFSMMAT. JMurthermore, it bas been
established that all translunar MCC wvith the exception of the finel

McC (at LOTI -8 hours) will also utilize this same REFEMMAT., Of course,
1t i{m recognized that the direction of any NMCC is completely random and
{t ie possible that IMJ gimbal lock could result if this were strictly
adheréd to., Accordingly, if it is determined that the middle gimbal
angle during a MCC will be less than 45°, a new REFSMMAT vill be
relsyed to the crew for that specific maneuver. In that event, a
REFS'WAT yielding 0, U, O on the FIAI vhen the spacecraft ies in maneuver
attitude will be utilized.

It is felt to be advantageocus to utilize a single REFSMMAT for all
lunar operations including the LOI maneuvers and TEI. Bince the GAN

is being sctivated for the lunar operations prior to the final MCC, it
was decided to extend thie procedure to ineclude that maneuver, Thet is,
the fimal MCC {at LOI -8) will also utilize the luner orbit REFSMMAT.
The lunar ortit REFSMMAT is defined as that platform orientation which
will yield O, O, O on the FDAI 8-ball when the spacecraft is at a heads
up, + X-axis forward, horizontal attitude at the time of 10L,. This
meanc that during the LOI? maneuver, vhich is performed retrograde and
heads down, the FDAI d!splay will be O, 180, O.

Pending mgreement of MSFC, we have established a pround rule that {f the
CCAS horizon check of TLI turn attitude hae failed, the TLI burn will be

inhibited (Derry, Paules, Husc),

Enolorure 1
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4, It 1s possible for either the MCC-H or the crew to activate the CMC
uplink program (P27) providing the crev has not inhibited it. The
crev has a strong preference that thev not be included in that activity,
Therefore MCC-H shall do it vhenever t;hey send an update,




1.

2.

It has been determined that it is nominally not necessary to perform an IMJ
aligrment vhile in earth parking 6rbit rior to TLI. The misaion techniques
which have been developed for & general lunar misaion such as F and G have
omitted the platform alignment ae a part of the G&N systems evaluation,

since it has deen determined that other tests are aduquate for that purpose
wvithout it. If these other tests reveal some problem or possible problems,

a platform aligmment is often required for resolution. Except for a late
Pacific launch, this would ordinarily require utilization of the second

TLI opporiunity. On the C' mission there is time to perform a platform
alignment and it is being included in the crew flight plan but it should

be emphasized that it is optiomal and faiiure to perform it for some reason
does not con-titute sufficient resson for declaring the first TLI opportunity
"no go". Furthermore, no special procedures are being developed to include
infocrmation obtained from the platform alignment in the TLI go/no a0 logie.
The spacecraft state vector will always be updated by the MCC-H during earth
parking orbit prior to Thl. Since it {s ant{cipated that the state vector
determined by MBFN tracking will be superior to that obtained via telemetry
from the SIVE IU that one will be used unless there is some cbviocus fault with
1*; in thet event, of course, the TU state vector will be used, A significant
point to be made is that no procedures ure deing developed for determining which
of these two data sources is superior in real time. That is, there is no come
pariscon of state vectors to determine which is better. The MBFN is assumed to

be hetter and will de used unless there is some reason to question its quality,

3. At present we are assuming that the EMS 1s no* mandatory to fly the C' lunar




end the duration of the burn (a olook), It has been determined that
burn duretion for a booster cperating within specifications can vary
3 14 seconds, which makes it essentially worthless as a data source
for backing up cutoff. After lengthy discussions it wvas rather
arditrarily decided to establish a tect.nique which puts maximum
rellance on backing up the cutoff with the G&N and to use the na
AV counter only as a last diteh device to use after it is obyious
both the BIVE I'U‘lm' the apaceoraft OAN have failed, The technique
selected requires the crev to monitor the GAN DSKY and to send mamual
engine ahut dovn when the DBXY reaches an inertisl velocity relayed
by voice to the crev from the MCC-M while in earth parking orbit,

Iale value of fnertfal velocity will be the anticipated nominal

value blased to account for CAN systems dispersions, crew reaction time '

(including the DSKY display delay), and the SIVE delay in responding
to the crew mction, The ™8 AV counter will be set prior to TLI
vith a MCC-H relayed velocity such that when it resches I3ro, the
crev should send the cutoff signal. This parameter ghall also be
biased. While of the same nature as the GAN this bias will be made
substantially larger to assure that a premature shutdown, based on
this cue, will not oceur urder any circumstance. A specific point
to be mnde is that the manual dackup signal will be sent if either
the OAN or IMB reaches its limit, We are not wvaiting for both,

The primary reason for this umisual procedure is that the OAN by
itaelf, should provide the best possidle backup as regards both

acruracy and simplioity,




3.

In sddition to the parameters discussed in TLI paragraph 1lb, the only *5

other parameters to be included in the pre.TLI pad message are! -

a.
b.

C.

In

The mission elapsed tims of TBS

The nominal burn duration

The nominal inertial velocity the crew should observe onthe DBKY
at the end of the burn including tail off,

.

the event of a ocatastrophic spacecraft failure during TLI requiring -—

premature shut down of the SIVB, the crew will utilize the sbort handle,

which reinitializes the clock and will perform an sbort maneuver 10 minutes

later to return to earth. The manevver will be performed using the

horizon as an attitude r-ference and an onboard chart solution for burn

magnitude based onthe crew display of G&N inertial velocity (VI) and/or

m8 Av, noted at SIVR shut down,
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A

All trenslunar MOO ¥!il he performed utilising the O&N. Based on that,

the NCC's are scheduled to ocour at the following times!

&, TLI + 10 hours (if an emergency situation ooours requiring immedlate

return to earth, <his mneuver may be ncheduled as sarly as, btut no

earile~ then TLI + 3 hours)

b, TLI + 20 to 30 hours

e I0I « 20 to 30 hours

d, 1OI « 8 hours

With regard to the final MCC, 1t has been determined that the minimum

time required after the MCC to obtain adequate MBFN tracking and oarry

out targeting for the 1OI {a bi hours, In order to assure that ade«

quate time will be available to compensate for unexpected cacurrences .

and to avoid straining the MBFN targeting to its limit, it was deaided

to schedule the final MCC 8 hours before LOI, An adAitionsl bensfit

guired by this is that {t provides the crew a final rest period prior

to the mapecially taxing lunar orbital operations.

The MCO maneuvare have heen scheduled to coinoide with other crew

aotivities such as the work/rest cyole, Tha% {s, they wvere not

scheduled to cptimize any trajectory considerations or anything like

that,

MC's prior to TLI + 30 hours will use the free refurn, best adaptive

path (BAP) RTICC targeting mode, MOC's later than 30 hours after TLI

require use of the Return-to-Nemimal (X, ¥, £, T) mde, since the free

return targeting moda does nat werk in tiis region, A test will bde mde



#

to assure that eny MCC ueing the X, Y, Z, T mode does not depart too

far from free return. Specifically the trajectory following the targeted
MCC maneuver will be projected ahead to approximately the time the space-
craft exists the lunar sphere of influence and the magnitude required to
hit the entry corri{dor will be determined, If this meneuver requirement
is less than LS fps, the MCC is consi{dered to be within acceptable bounds.

If greater than .5 fTs, something serious must be wrong end the X, Y, 2,
T mode must bn abandoned in favor of a lunar flyby mode, which does pro-
vide a free return. This i{s an unlikely, badly perturbed situstion and

precludes going intu the lunar ortit,

A lower threshold hns teen estatlished below which an MCC will not be
carried out. It !¢ Tused on the antie!pated accuracy of the MSFN and
is currently set te be 1 fps. That {r, If the MCC iz computed to be
less than 1 fpe, i* wi1l not be executed; if grester, it will be
execut~1. The only ~xcoption {s the last MCC (at LOI = 8 hours) which
will be performed regardless of magnitude.

Any MCC computea to be greater than 3 fps will utilize the SPS, RCS

e used for maneuvers smaller then 3 fps.

Residusln - ALl AV residuals will be trimmed to within 1 fps

{MsFN “e sccuracy), The only exception is the final MCC which will be
trimmei Lo cero - a1l -omponents.

All teansenrth MCC, incl' ing tne first, w(ll be performed ‘or corridor
eontrol onler, anless it 1o detarmti-ed in real time that the predicted
landine- poiny le unacceptable for some renscn (e.g., unacceptable weather

or lani masses within the footprint or In the FLA 2, or excessive raturn



to base staging time). If a maneuver is required to relocate the landing

point for reasons such as noted, abnve, the maneuver will be made large

enough to provide acceptable landing conditions in the entire FLA I foot-
print and at FLA 2, Wherever possible, of course, the recovery shipt
will be removed to a new location consistant with a 1= .0 nautical mile

entry range.
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In the event of a GAN failure durir.. the 10I. burn, the ecrew will

1
mamually take over utilizing the SC8 and will contimie the burn to
nominml completion. That is, the sutomtic 28 AV cutof? will be
activeted and used. ’

The attitude excursion limits for the I.OII burn are as follows:

s. Mot to exceed 15° during the first 100 seconds.

b. ot to exceed 10° for the remainder of the maneuver,

These limite apply to both pitch and yaw, Violation of these limits
will be determined by obeerving both sets of EMAGS, one of which will be
driving the attitude error needles; the other set will be driving the

FDAI B-ball. A viclntion must be apparent on both these indications

prior to crew tnkeuver,

Since both sets of BMAGS are required to monitor the LOI maneuver, they
mist be considered mandatory for initiating the LOY burn.

The crew should monitor and mamally backup the automat!c GAN engine
cutoff slgnal through use of the EMS AV counter and the event timer.
Limits have been established wherety [t is considered pafa for the crevw
to awvalt viclation of btoth of these systems before taking over from the
G&N. (Reference .MPAD memo, E8-FM-T3-400, dated September 17, 1968,
subject: Onboard monitoring of the LOI moneuver,)

L()I2 will utilize the same attitude excursion limitis as LOII- Howaver,
the eng'ne cutoff backup will be performed based on the event tim» only.
That is, the BMS AV counter will not be utllized for this purpose. In
the event 1t 1s necessary for the crew to take over from a malfunctloning
G&N, they will complete the burn on the 85C8 utilizing the sutomatic IMB

Av counter engine off commmnd.
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6. AY residuals of the 10l burns will not be trimmed except for the X-axis

of IDIQ, vhich will b trimmed to zero.
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TET will be targeted to land at 165° W longitude on a specified day of

landing using minimmAV. The latitude of landing will not be directly
controlled. This is the so-called CIA mode in the RICC. :
2. Targeting for the TEI maneuver and all transearth MOC will be simed at

achieving the steep, contingency entry target line, which provides a

- -6.48°% £1ight path angle nominally.
3. The TEI mneuve: will be targeted to limit the return inclination to be
_dess’ than 40°,

, AV residuals of the TEI meneuver will not be trimmed except for x-axis
which will only be trimmed to within 2 fps.

5>« Monitoring of the TEI burn will utilize the same tachniques and limits
as the LOI, burn, That is, the attitude execution limits will be:
a., Not to exceed 150 during the first 100 seconds.
b. Not to exceed 10° for the remeinder of maneuver,
These limits apply to both piteh and yaw. Violation of these limits
will te determined by observing both sets of BMAGS, one of which will
be driving the attitude error needle, the other set will be driving the
FDAI 8-ball., A violation must be apparent on both these irdicators prior

to erew take over,

6. TEI will ba performed in a heads down attitude.

T. In the event of a G&N failure during the TEI burn, the crew will
manually take over utilizing the 5CS and will continue the burn to

: nominal completion. That Is, the automatic EMSB AV cutoff will be

activated and used,
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Entry
1. The BE will bde set up to start sutommtically vhen it senses .05 g's

and w11l be backed up mamally three seconds after the ground computed
.05 g time,

2., An entry attitude check is mede by comparing the position of the horizon
with spacecraft vindow markings spproximmtely 5 mimites befors entry.
It is mandatory that this check be passed successfully or the GaAN will
be declared unacceptable for entry guidance,

3. The entry will be flown utili=‘ng the C&K in the automtic mode. That
18, the DAP will be enabled in s#ll three axes prior to .05 g's.

k, REFSMMAT for entry shall t> that which rrovides an FDAI display of
0, 0, O vhen the cpacecraft {s oriented heads down, blunt end forward, .
x-axis horizontasl at the entry interface.

S, On the C' miesion a non-skip reentry will nominally be utilized., That is,

the entry range shall be limited to from 1200 to 1800 nautical miles,
(Pased on these limits the GNCS should never enter reentry P66.)

6. The useful operational footprint nominally is 1200 to 1450 neutical miles,
(8imulations currentlymn expected t0 permit extending this to
1550 or 1600 nautical miles.,) The normal reentry range for targeting and
ship location purposes (i.e., PIA I) shall be 1350 mautical miles (which,
i{f flown would preclude use of P65).

T. FPLA 2 is defined as = contingency area snd vill De located at a range of

- 1800 nsutical miles, FLA 2 will nevér be used unless PLA 1 is unacceptadle

| for some reason and the G&R is working. " 1If during attempt to reach FIA 2

the OAN fails, the crev will fly & constant G reentry until serodynamie .
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capture 1s sseured and then will fly mximm range to get as close to FIA

2 a8 possille, .

The SM/CM separation is to be combined with the Pre-entry spacecraft attitude,
horizon check, The separation pitch attitude has been defined as being

the same as the horizon attitude check and yav s hs® out-of-plane,
Separation studies should be carried out, if they have not already besn

completed, to verify acceptability of this decision - not to optimize

1t
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3.

9.
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C' ACTION IIEMS

Establish the TLI velocity cutoff bias values for the GNCS (Vi)
and B (VC'). ' (MPAD)
Establieh switchover point defining conditions under which the
MCC-H w111 compute return-to-earth maneuvers to hit the "shallow"
rather thar the ateep entry target line, : (MPAD)
Deterrin: what cues, if any, exist to give warning of impending
GNCS fallure., These are particularly needed to met the limit of
the GNCS degradastion we would accept and stil] initiate the TEI
burn or the GNCS rather than S5CS. (MxT)
Establish the spacecraft attitudes for the pre-entry horizon
check. (Fcp)
Establich tolerance on the horizon attitude check for GNCS go/
no go. {MPAD)
Confirm no 5M/CM recontact problem (MPAD)
Establish GNCu entry monitoring procedures for the new short
range entries, (MPAD)
Provide overall EMS check and burn procedure for RCS and SPS.
(See page 50 of Entry) (mR)
Provide a P37 interation limit. (M)
Establish which is more important in targeting LOIl

a. Proper altitude (60 x 60) or

b. Pass over the pseudo landing site (MPAD)

Enclosure 2
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UNITED STATES GOVERNMENT

Memorandum

PD/Chairman, Data Requirement Control Panel DATE: September 27, 1968
68-PA.T-209A

.

FROM PA/Chief, Apollo Data Priority Coordination

sunjecT: Requirement for pre-PDI IMU alignment has been deleted

After extensive Mission Technigues Fanel review, it has been estab-
lished that a PGNCS IMU alignment immediately prior tc Powered

Descent is not required for any remson. It is, in fact, undesirable
at thie critical time in the mission when lighting conditions couldn't
be vorse (local high noon!).

T have attached an annlysis THW performed to show that it Is ceriainly
not required to provide a safe AGS abort capability as has Leen sug-
gested 1n the past,

I alsn refer you to the Apollo Miscion Techniquee Mission G Lunar
Descent Document, dated August 23, 1968 (MoC IN S-PA-BN-021), which
omits thie procedure = Intentionally.

In order to provide documentatlon compatidbility and accuracy, ray I
roquent you revise the Spaceccrult (peraticnal Data Book, deleting
the requirement for an IM IMU alignment immediately prior to Powvercd
Descent Initiation (IDI), For your information an alignment is
performed about one hour before PDI in our ecurrent timeline,

VIS yve WS
Howard W. Tindﬂll, Jr.

Enclosure

PA:HWTindall, Gr.tjs

Buy U.S. Savivgs Bonds Regularly on the Payroll Savings Plan
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TRW No. 6B8:725%2,9-49
Re: Task ASPO 4GB

10 July 19638

National Aeronautics and Space Administration
Manned Spacecraft Center
Houston, Texas 77058

Attention: Mr, H. W, Tindall, Jr, (M)
Sub jectt PCNCS Ali{gnment During Hohmann Transfer

Gent lement

The attached 10C presents an analysis which estimates the increase in the

probahility of an unsafe AGS abort if the PGNCS alignment during Hohmann

transfer is not performed. The analysis shows that given that PGNCS fails,

the probability of an unsafe AGS abort from hover is Increased by less than

0.001 (one additional violation of the 30,000 feet minimum pericynthion con-

straint tn 1000 cases). The increase in probability of an unsafe AGS abort
. over the range of times an abort is possible will be even less than the

above value.

The small increase in the probability of an unsafe AGS abort should be worth
the operational gains of eliminating the PGNCS alignment during the Hobmann
transfer.

Very truly yours,

Task ASPO 46

‘Z,‘/a'

R, L. Robertyon, Assistant Project Manager
Spacecraft Jfogram Support
Apollo Planning and Operations Project

.
MF :RJB:db

Enclosure ) .
Distribution:

Ralph Albon (PP7)

. R. V. Battey (PD)
R, P. Parten (FM13)
Document Distribution (RF66)

SYSTEMS GROUS OF TAW INC  HOUSTON OPERATIONS + P O BOX 34337, HOUSTON FEXAS F7058 ¢ (7131 8913123
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INTEROFFICE CORRESPONDENCE 68:7252,8-222
vo. R. Boudreau cc: Distribution pare. 12 July 1§68
sumJzeT. AGS Performance with no PGNCS Aligrment rmom: R, Kiddf5£:
During the Hohmann Transfer (Task 46) o8 {3 mansTa 1023 L 009

References: 1. IM AGS Guldance Software Design Report No. 3, TRW 05952
: TRW 05952-6079-T000, 30 November, 1966,

2. Master Fnd Item Specification for lunar Module PGNCS.

Introduction and Summary

. There 1s some concern about the capability of the AGS to safely perform
an abort from hover without a PGNCS aligrment during the Hohmann transefer.
This concern stems from the results of Monte Carlo analyses which indicate
that the mcan minus three sigma for perilune altitude of an AGS controlled
gbort from hover is less than 30,000 feet {the safe orbit limit), and from
single error a&nalyses which indicate that an initial mimalignment slightly
larger than three sigma results in an unsafe orbit. Obviocusly, the effect
of eliminating the PGNCS alignment during the Hohmann transfer is to increase
the probability of obtaining an unsafe abort orbit. However, the rough
analysis presented herein indicates that the increase in protability is on
the order of ,001 times the probability of a PGNCS fallure during the
powered descent maneuver, and the decrease in the mean minus three sigma
for the perilune altitude of a hover abort is about 3000 feet. Since
the PGNCS alignment during the Hohmann transfer would require RCS propollant,
time allocated for the correction of erroncous star sightings, and no
insignificant amount of crew activity, the gain in safle orbit probability
provided by the alignment does not appear to be worth the operational
complexily of porforming the alignment. However, the AGS porformance
specifications may need to be changed because the AGS parformance capability
will be degraded if the PCNCS alignment during the Hohmann transfer is
eliminated.

Discussion

The probability that an unsoccessful abort results from a working AGS
. is given by: .

' T
Po,) =f° £(t) P, (t,0,) dt
where

(o,T) is the time interval of powered descent,
Oy is the standard deviation of the initial AGS alignment error,




68:7252.8-022
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£{t) 1s the probability density function for the occurrence of an
AGS controlled abort,

Pl(t, ¢ ) ia the probability that an AGS controllad abort at time ¢

wi?l not be safs.

The gencral functional form of P, (t, o) 48 shown below:

Py (¢, Kao)
A

. e ISR 1
T T L S B T
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Since P, (t, o ) is a poait%ve, continuous, non-decreasing function of t,
P (o,) = P, (T, o) jc £(t) dt

. where

Py (

- P1 (T. °°) F (Ca T)

T, 0_) is the probability that an AGS conirolled abort at time
T wi?l not be safe.

F ({, T) is tho probability that an ACS controlloed abort will be

required during the interval ({, T).

Generally, the following observations hold:

® o

An AGS controlled abort is required only for a PGNCS failure;

and hence, F ({, T) is tho probability of a PGNCS failure during
the interval ({, T).

The probability of an unsafe abort is less than or equal to tha
probability of an abort occurring - equality requires that

P, =l

1 1

The increase in the probability of an unsafe abort resulting
from no alignment during the Ho*mann transfer is lsss than the
increase in P, (T, °o) by the factor F (¢, T).

The probability, P, (T, o ), is not a known analytical or tabular
function; however, the rafldom Monte Carlo samples which have

been generated follow a normal distribution very closely
(reference1). Hence a normal distribution is a reasonable
approximation for a qualitative asscssment,

The functional form for the variation in perilune altitude is approximately
(reference 1),

R
P

. 1

T

= Ag + ¢ De + 50,000
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Where,

e is the vector of random errors such as misalignment, accelerometer
bias, etc, ’

A, D are matricea of first and second order coefficients, respectively.

For independent, normally distributed errors with zero mean and standard

deviations 9y the mean and standard doviation for Rp are:

TR di 012 + 60,000

2 2 _ 2 2 i
] -Eai A +?Ed1 oy

The effect of the initial AGS aligmment accuracy on the mean and standard
deviation of the porilune altitude for a hover abort was computed from the
data availabls in the referenced document (inflight calibration error
model). These results are shown on the attached figurs. The initial ACS
misalignment is the root sum square of the following:

o  PGNCS aligrment accuracy 17 »3.43 min (Reference 2) .
o  PONGS gyro drift from previous alignment lg m .03 deg/hr (Reference 2)
o  AGS to PONCS alignment transfer lo % 1.3 min (Reference 1)
The mean, standard deviation, and probabiliiy that the hover abort
perilune altitude is less than 30,000 feet (unsafe) were cbtained from
the attachad fipgure and standard statistics tables (assumed a normal

distribution) for three aligrment times of interest, and are tabulated
below.

Statistics for Hover Abort Perilune

Total timaA AGCS Align Perilune Perilune Probability Mean Minus
for PGNCS Accurac Altitude Altitude that R 3 Sigm
Drify (Hrs) % (nﬁ'nsr Mean (ft) Sigma (ft) < 20,08 (£e)

0.25 3.70 59,288, 7939. ,00011 35,471,
0.50 .78 59,274, 8029. .00013 as,187.
1-50 l.o56 59’121- 8952. o@?g 32,2655




The statistics from the above table indicate that eliminating the

FGNCS aligrment during the Hohmann transfer increases the probability
of obtaining an unsafe perilune by 6.8 x 10
a PGNCS failure and decreases the mean minus three sigma for the hover
abort perilune by 3206 feet,
AGS error model available at the time the referenced analysis was performed.
However,” it appears reasonabls to assume that the changes based upon the

current error model would be of the same order of magnitude, i.e: 10
for the probability and 3000 feet for the perilune,
performanice should be worth the operational

alignment
-RK: Jr
Distribution

K. Baker
T. Barrie
T. Bettwy
R. Braslau
M. Fox .

W. Klenk.
P, Melancon
D, Phillips
Q. Shook

times the probability of
These ch.nges are based upon the particular

This small 1oss in AGS
gains of eliminating the PONCS
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UNITED STATES GOVERNMENT

Memorandum | -
See 1list attached _  parat Septewder 26, 1968

6871 -T-208A |
PA/Chief, Apollo Data Priority Codrdination - .

SURJRCT: Unususl procedure required for LM Aecent from the moon

Wik

Jaok Craven surprised us vith a little juwel the other day during the
luner Surface Mission Tachnigues meeting. He says that in order to
snable the APS engine-on and staging commands from the 1OC, it le
necessary for the arev to depress (nov get this) the Abort-Stage
button! That is, depreasing this button miat de pn't of the standaxd
countdovn procedura to LM liftoff. e
Alternately the orev can manually arm the engine which permits them

to send the engine-on command mapually, but it does not enmable the 100
signal., Furthermore, if they do this, it 1s necessery for the crev

“to also send the engine-cutoff signal manually since the sigmal from

.,/t"n

ndall, Jr.
PAtHWTindall, Jr.tJe

+
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SUBJRCT!

BPTIBAL, PON MDY
AT 10 ST .
SRA PR (i aPm) Wt -

UNITED STATES GOVERNMENT

- Memorandum - T

" - ¥ f
| Bee list lttached | Bcpl ) 25’ 1968
- _ ss-n-'r-eo'm T
PA/Chief, Apollo Data Priority Coordination - - -
Review of the Nission Techniques for Baturn V/Apollo launch -
Phase Aborts ) o S

This memo 1a to backup our phone call notifying you of the review of
the Saturn V/Apollo launch Phase Abort Mission Techniques Document to.
be held Thursday, October 3, 1968, at 1:00 p.m. in Building 4, Room 383.
At that meeting we will throughly discuss the attached draft of that
document, as it applies to the C' and D missions. TFlease bring it vitn

you or glve 1t to your representative since we have only a limited number

Ho ard W, Timn’ Jro k

of coples.

Enclosure

PA:EWTindall, Jr.tje

Buy U.S. Savings Bends Regularly on the Payroll Savings Plan
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UNITED STATES GOVERNMENT

® Memorandum

Bee 1ist attached " DATE: September 25, 1968
68-PA-T-206A

: PA/Chief, Apollo Data Priority Coordination

(sumjEeT: C' Communication Loss

D

B e .

A lot of work is going into the subject contingency - with respect tot
a. Onboard cis-lunar navigation (P23)
b, Onbtrard return-to-earth targeting (P37)
¢, Block data

all of which ars solely for that failure., I won't comment on whether
or not it's worthwhile, It's too emotional an issue to even consider
eliminating it, r'gardlers of hov you feel. Therefore, by definition
it's necessary to prerare for it. This memo is to report current sta«
tus of thls effort.

The spacecraft G&N is equipped to perform cis-lunar navigation, That
is, determine its own position and velocity (state vectors) - primarily
through use of ptarshorizon angle measurements, (Incidentally note that
sextant trunion engle 1is the only observation uesed, an IMJ is not required
except to nssist in acjulsition of the targets,]} We ure told that at
best the onboard navigation is marginal for providing a safe return to
earth from eis-lunar space, Accordingly, if it is to be depended upon,
it must be operated in the best way poesible, For example, it cannot

be simply cranked up and used at the time its need is recognized - half
way back from the moon. Rather then that, as soon as the spececraft
starts back to earth, navigation must be initiated essentially as if a
commnication fallure has already occurred. Specifically, observations
and data procepsing must be carried out on a2 regularly scheduled basis
through the transearth phase of the mission starting with star/lunar
horizon observat!ons within a couple of hours after TEI, This is nece
essary, we're told, to condition the observation weighting functions «
the so=rrlled Wematrix = oo that subsequent observations are processed
properly. In order to protect the Wumatrix, it may be necessiry to
transmit the MCC-H/RTCI determined state vectors into the spa:ecraft
computer memory loentlions assigned to the IM state vector whi:h, of
eourse, nre unused on thls flight. Or if uplink:d into the CIM state
vector :lots, the crew will have to reset a flag bit to preveit reini.
tinlizao :lon of the W-mntrix during the next perisd of navigation. Asso-
cinted 4lth this, there must be a mission rule governing circumstances
follow!ng communication lose in which the crew should utilize the onboard.

Buy U.S. Saviny s Bends Regwlarly om the Payreli Savings Plan

- -
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determined values rather than the old MSFN data transmitted before the
failure. The point is, aside from obvious failure, therv will be no way
for the crew to determine in~flight which set of state vectors is the
better. Jilm McPherson's guys (MPAD) are determining this switchover
point, which they expect to be about 20 hours out from the esrth, Come
muniention losn after thi- poinl would mean to use the last MSFN data
uplinked - cnuse it'll he good enourh. BPBefore that though, the crew
would eceentially flurh the MGFN and use their own mavipgation as a bacis
for man-uver tarpeting nnd entry puidance inittalization. And = don't
anyone kid himself. For the erev (and everyone else too) to learn how
to operate that sycten in poing to take a lot of time and effort.

Something else that's poineg to nbrorb attention is the return-to-earth
targeti:g prorram. It domsn't necensarily come out with the answer you
want au.omatically, B-~lefly, it han two options and will compute a
maneuve ' to elther pet back-to-earth w'th the rmallest possible mancuver
minimi: AV modn) or o fast ar pocc'lle uring 8 crew opecif.ed AV

min., time mode). The T e point 5 nottentrolled in the computation
and, If they want Lo r:turn to rome partlculnr place « like t i ships =
the cre: muct manunlly ftemte, notinge the predicted IP and adjusting AV
until twey are cntisfl=l, s¢ of th~ now, short mnge cntry mde the
tables of predicted entry mnpe In the smeeernft computer program wrong
anl o he crew will by~ to npply rom. niasee in this process. (We'rc
determining whnt they should he now.) Flther that or use the minimm A\'
mode for corrider cont vl orly. This, of course, would ucuslly be the
preferred way to do 1t, I snuipeet,

Another nction item Jin McPherson picked up is 11 regnrd to defining the
minimum nmount of time required to ure the onboard mavimtion, starting
from reinteh, The prollim bere 1s in determining what “Block Deta™ maneu-
ver shon 1 be sent up vhile in earth orbit for the TLI + b hour abort
point. T think it is [ossible to_provide a 17 hour return to the prime
recover; arcn hut if that lc not zulTTotent time to naviMte, target and

execute nn MCC onbonrd the rpirereraft, 1t may be necessary to gq ah extrn
grain

~~day « cry 2 b1 hour reurn « to land there, That poes apninst. the

dorsn't Jt, T NIATTA WheTe . the no-communication logle led me!

Inehientally, nll tranclunnr navipmtlon, ap auch, har been deleted from

the fllpht plune Ernertlally, nll that 16 currently included are a ceries
ol obrervit foral perlocse Lo pather raw rextant ntnr/horl::on data for post
flipht npalysic - particulnrly near the enrth, which eould not be obtained

, near the ond of the tronzearth leg when we want to concentrate on entry

preparnt lnng,

Obvlourly, we hnve n lct o1 thinking ohend of un, I just wantad to glve
7 1ittle =tatus report and a chance for you to tell us how stuyid we ore,
if you frel that way.

oward W. Tindall, Jr.

PAIWTi 11, Jr, e




FRUM

SUBJECT:

. "PA/Chief, Apollo Data Priority Coordination
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UNITED STATES GOVERNMENT
Memorandum

e lict attached

DATR: geptember 2L, 1968 .
68-PA -T=205A

Mission 'I!e-chniqueu Documentation Schedule

Here's mnother guess at when the Mission Techniquee Documents
will be out. You'll notice might are scheduled for October (what
a lot of paper that is!), which means they are just about ready
nowv,

This 1list reflects the change of erpphasis to the lunar flight

for GC', The two new areas we RAGN'Y done mich of anytlLing sbout
yet that are ghowing up now are C' Data Selection and G Deacent

aborts.

Howard W, Tindall, Jr.

Enclosurs

PAsHWPindall, Jr.ijs

.- .
e el
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MISSION TECHNIQUES DOCUMENTATION SCHEDULE
as of September 24, 1968

SUBJECT JULY 24 EST. CURRENT EST. ACTUAL
C Retrofire and Reentry Draft - - Dec 6, 1967
Final - - Mar 6, 1968
Upiate Aug 23 - Sept 6, 1968
C Rendezvour Draft - - Apr 16, 1968
Fimml - - My 29, 10A3
Upinte Aug 12 - Ang 12, 1063
C Datn Select (MCC-H/RTCC) Drft July 29 - July 25, 1o
Fiunl Aug 1" - copt 16, 103
C CIB luunch Aborts Plual - - July 22, 19064
C'/G Farth Orbit & TLI Drert - - June 10, 1908
Flnnl Aug 10 - Sept 4, 1968
. Upebr te - Oct 21
'/ mc, o1 Dr.rt Sept 16 Oomit
Firil Rov b Oct 28
c'/5 Tel MCC & Fntry Dr 't Aup 10 - Aug 12, 1068
Final Sent 23 Oct el
‘nnm Select (MCC-H/RTCC)}  Fimal Dec 2 Nov 20
€' SV Lounch Aborts Finnl - Oct 1k
D Rotrofire and Reentry Final Sept 23 Oct 28
D Remduzvous Drest Aug 16 - Aug 29, lovd
Final Sent 23 Oct 21
G Derernt (Wnke up to touche Drart - - June 17, locd
lown Finil Aug 5 - Aug 23, 1968
LU MCC-Hl Powsred Deacent. D tt Sapt 23 Rote 1
Montterin: Fintl Oct 28 Note 1
0 Ieinar Suptaen Prirt - - July 22, 1908
Finsl Sept 16 Qct 7
0 Tvwi-rol Aeens Dr .t Oct T Note 1
Fiaal Kov 16 Hote 1
UM TR 3T RIS PRTIRE D 't Gept 23 Oct 08
F nl Oct 0¥ Dec D
I R Y < Deott Oct 21 New 2%
Foal Dec 2 Jan 13, 195

ROTE 1t Dowerrd leseont or: Aicsny men’ Lorin- bring

tmpremented in tie MCC-HL RTCC ic

Tnited o ineplate ealrs T 14 2 prope Al to medify this proeen or extone
. ive Yt covereome s Cicie: ty bul at zu ctarntinl cort,  “he Misc on
Toehn e g o e epre ) s depe vlent on Lhe outeore nf M owe'nsa” ¢ this

Creeestias, e betil RES 4 WEE TR R mont' Yy,
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SUBJECT:

e

UNITED STATES GOVERNMENT

Memorandum

Bee list attached DATR: Beptember £3, 1968
' 68-?1\-'1‘-20&

PA/Chief, Apollo Data Priority Coordinetion
D Rendezvous Ground Rules and Working Agreements update

Attached are the ground rules =nd working agreements updated based on
our September G Mission Techniques meeting., They reflect the new,
simplified D Rendervous exercise - primarily changes in the football .
trajectory and the "insertion maneuver” plus a bunch of things we
vere able to delete, As noted in my last report of this subject,

the most significant open item is the selection of the nominal TPI
time and definition of the acceptable lighting conditions for it =
{.e., its "window". Based on the studies underway, the procedures
will have to be adjusted to assure meeting the constraints after

they are defined and put in order of priority.

Ard « of course, ve've gotta get that rendezvous radar thermal mickey
mouse {ixed! Other action items I failed to list previously are as
follows:

a. The AGS people of TRW were asked to recommend the proper
technique for managing the AGS in the event the PGNCS has failed and
the CSM makes paneuvers aince it has no program comparsble to the
FGNCS "marget AV" R32.

Y. FCD was asked to determine the latest time the E memory could
be dumped providing the MCC-H sufficlent time to respond in its checke
out and correction, if necessary.

€. GCD was asked to determine which CSM RCS thruater should be
used for the RCS Sepration burn (i.e., =z Or x) « or at least which
would cost less RCS propellant, taking into account the altitude mansu-
vers anl altitude hold required in each case,

d. MIT was asked to loor into reducing the time required for observa
ing the PIPA's in their nias test to less than the current 256 seconds,

I puess we'll get together apain sometime., We haven't scheduled that
meeting yet, We are planring t¢ get a smaller group together to review
the revised D Rendezvous Mlssior on October 4, 1968,

A1

Jovard W. Tindall, Jr.

~ Enelosure

f'A:Mindall, Jr.:)s
Buy U.S. Savings 5sonds Regularly on the Payrell Savings Plan
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September 12, 1968

"p* MISSION REXDEZVOUS GROURD RULES, WORKING AGREENENTS
AND THINGS LIKE THA?

l. Genersl

2. The reference trajectoyy is that provided by MPAD, dated August 22,
1968, and as amplified in Appendix I.

b. Nowenclature for the burn sequence following undocking isi

(1) RCS Sepration .
(2) Ppmsing

(3) TPI - If abort from footbell
(b) Insertion

{5) cs1

(6) cmH

(1) TR
o (8) TPF

¢. The rendezvous will be run throughout with the vehicle roll angles =
0°. The only exceptlion to this is the RCS Separation turn where the CSM roll
1z 180°. A 190° roll will de performed by the CSM immediately prior to or
during the IMJ alignment following the RCS Separation turn., (il.e., TFI from
above will be initinted "heads down” and TFI from below will be initiated
"heads up” for elther vehicle,)

d. IM and CSM state vectors time tagped 12 minutes before RCS Sepration
are uplinked to the CMC and LGC prior to undocking. Gtate vectors are not
sent to either wvehicle apaln during the remdezvous.

e, On both spacecraft all rendezvous navigation will be carried out to
update the IM state vector, That !z, the IM radar data would be used to

. update the LM state wector in the LGC and the CSM sextant data would de used

to update the IM atats vector {n ths CMC,




£. On both spacecrsft the rendezvous mavigation V-matrix will be set to
1000 feet and 1 fps initislly and vhenever it 1is reinitialized periodically
during the rendezvous.

g The OC's I.llstnuv;ctor vill be updated after sach LN maneuver
vith the P-76 Target AV routine using the pre-bura values as determined in
the IM's pre-thrust program

h. The AGB should de maintained in that state vhich mkes it most useful
to perform the rendezvous in the event of PCICS failure, If, after having
established the preferred techniques in accordance with that ground rule, it
is possible to include some AQS systems tests without jeopardiring crevw safety
or other mission cbjectives, they would be considered,

1. The state vectors in the AGS will be updat~d esch time FONCS is
confirmed to be acceptable, This will likely be at each time it is
committed to make the next maneuver using the FCNCS except perbaps TPI.

J. ACC aligmments will be made each time the FGACS is resligned and
each time the state vector in the AGB is upiated fyom the PONCS.

k. If PCNCS, RR, or GAN fails while in the football trajectory, the
rendezvcus exercise is terminated at the 'I.'PI° opportunity.

1. The AGS is not mmndatory for the rendezvous exercise., That is, if it
fails prior to or during this mission phase, the exercise shall contimue.

m. As soon as possible after powvering up the LOC, the X memory will be
dumped via T/M so that the MCC-H may check its contents for completeness
and sccuracy. If necessary, the MCC-R will reload via uplink any important
parameters fcund to be in error.

2. Prior to Un-.iockin‘

a. The crew vwill synchronize the CMC clock as precisely as possidble utilis.
ing informatior voiced from the ground, The crev will provide initial synchroe




nisation of the 10C to the OMC clock. The ground vwill provide the necessary
information by voice for fine synchronization of the 1OC elock. This
supercedes the mission rule vhich specifies resynchronizmation of a spaces
eraft clock naly wvhenever it disagrees vith the ground reference by more
than 0.5 seconds,

b. The LM Rendezvous REFSMMAT is that of & "nomiwal” aligrment for
T (align) = 710 (TP1). It will be uplinked from the ground,

¢, The C3M Rendezvous REFSMMAT is defined by a stable mesber orientation
where:

Ycsue=Z1u
Yosu=Y1iM
ZcsM= X1

d. Pricr to undocking, the CSM will maneuver the docked vehicles to
an inertisl attitude such that with no further attitude maneuvering the
CSM will be oriented approximetely 190, 0, 0, {roll, pitch, yaw) vwith respcet
to the local vertical frape at the time of the RCS Separetion. The difference
between the exact local vertical attitude and 180, 0, O is due to the regression
of the line of modes from TIG (RCS Separmtion) to TIG (TPI), aml the fact
tha® the CSM REFSMMAT is nominal at TPI,

e. The only in-flight adjustment of the LCC PIPA tias compensation
parnpeters Included i{n the nominal flight plan shall be done by the crewv vhile
dockrd to the CSM, The wvalues will be upinted regardless of how smmll the
change. (i.e., there is no lcver threchold) The crev will inform the MCC-H
of the new valu~r nt‘thr next MiFN ctatlon contnct posgible, The MIC-H will
cont nually monitor the IMI prrformence and will adyisr and assist in sdditionel

updates if the compenzation beccemes in error by more than m epecifled threshold,
Currrntly this threshold {s sget at ,003 rt./sec.e.
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f. An AGS accelerometer calibmation shall be performed vhile docked at
about the same time as the PIPA compensation. This will dbe the only AGB
acceleroneteg caltvwration in the nomimal flight plan. AGS gyro celidbration
shall not 'be i:verfomed during the rendezvous exercise period of activity.

g. Prior to undocking, tut following the CSM attitude maneuver to RCS
Sepration attitude, the IM IMJ will be aligned %o the CSM IMJ using the docked
alignment procedure which takes adventage of a knowvn CSM inertial attitude and
known CSM/IM geometery (with mccount of the docking rinx angle Aﬁ being taken)
to ccarse align the IM IMJ to the inertiul frame. The CEM and LM gimbal angles
are then compared directly (via Vi6N2C) and coarse align and attitude dead
banding errors are removed by direct torquing of the IM IMJ gyros vie the
fine align routine (V42). It is necessary for the MCC-H to compute and relay
the gyro torquing angles to the crew in order to carry out this procedure.

h. The formla used for docked aligmments with identica) REFSMMATS is:

0GA,, = (300 +Ad) 00 py
Im.m- IGACH+180

IGA.LH - -bmm
where A ¢ 18 the docking ring angle.
i. The formila used for docked allignment where the stable members are

oriented:




oG, = (300 +44) - oaa,
TGAp) = TGAL, *+ 90

Iﬁﬁm"lﬁlm‘(}

This is a sprcial forrula only wvalid vhere the CM MGA = O. This set of

equations will be used for the LM aligrment prior to undocking. (Equatton
yerification is given in MIT/IL Apollo GAN System Tect Oroup Memo No. 127, |
dated Aupust O ,1968., This referenss notes there is a possible error in

the sin of the Of term.)

3. Undocking, station keeping and LM inspeetion

m. Undocking will take place " mimi‘es prior to the RCS Sepration burn
with the CSM oriented to the inert:al a*titude for that burn. Average G will
not. te on in elther vehirle Juring the unlocking or statlion keeping phase.
This will preserve the rolative state vectors until Average G comes on in the
CSM 30 seconds prior to RCS Sepratlon,

b. PFollowing undocking, the COM will maintain attitnde and will be
recponsible for staticon kecepine. The IM will yaw right 120° and piteh up
a0® placine the *wo spacecraft "roge-tc-nose,” (crewmen "nose-to-nose”

¢c. The LM will yaw through ?,600 (lo/sec) permitting the CSM to conduct
s virunl Inspection of the landing pear and LM ptructure,

d, Aftmr completion of 3¢, the IM assumern the gtation keoping task while
the CGM prepares for RCS Separatinon,

L, RCS Seprmtion and Mini-football

n. The conflrurntion of the npacrcraft at the RCS Separation burn will
be IM leading the C3M, both hesis dnwn faclnpe ench other with zero relative

velocity, (Orbit rite FDAI's - LM: ©O, 190, O § CSM: 180, 0, 0). (FDAIL



total attitude is read in the order roll, pitch, yav} IMJ gimbel angles ere
rzad in the order outer, inner, middle),
b, The CSM will execute m 5 fps radisl inwvard burn for the RCS
Separation burn; i.e., the C8M will 5 fps -2 (body). This burn will
employ the P-30, P-Ll sequence. IM uses R-32 to update CSM state vector in
the 1L0C. The AV residuals will be trimmed to within 0.2 fps, all components,
c. On entering darkness after the RCS Sepration both spacecraft will
perforn REFSMMAT IMJ alignments.
d. The CSM and IM COAS will be calibrated during the mini-football and '
vwill not be moved again after that., The IM utilizes the foward window.

5, Phasing Maneuver and Football

a. The magnitude of the phasing burn is always re-established inflight. ' .
b, The phasing burn will be executed under AGS control with PGNCS
monitoring by use of programs 30 and 40. The throttle will be set at 10%
for 15 seconds at which time it will be advanced crisply to approximately
4o¢ and left there until auto-cutcff.
¢. "he horizon is used as a burn attitude check prior to the phasing
burn when AGS is under control, The crew determines the LFD pitch angle for '
thla check,
4, Pharing burn monitoring
{1) Attitude and/or attitude rate limits are exceeded » terminate
the burn.
(2} Overburn - Back up AGS engine off three {3) seconds after the

PGNCS "engine off time" is indicated.

e, Upon completion of the burn, the LM shall be oriented with X-axis

vertical mnd the y and 2 body axis AV reniduals will be trimmed to tero.




The x body AV residual will be trimmed to within 2 fps to maintain An vith

1/4% mile.

| f. While in the football, both vehicles will exercise their complete

rendezvous navigation systems and will update the IM state vectors in the

16C and CMC. The TPI targeting resulting w{1l be used not only for maneuver

execution if necessary, but also to evaluate the performance of the LM PFONCS

and CSM G&N, providing confidence in proceeding with the Insertion maneuver.

As noted previously, these onboard determined stnte vectors will not be

updated from the MCC-H.

g. On entering the da;kness perlod about a quarter of a revolution

before the phasing burn, both spacecraft w!ll prrform REFSMMAT IMU alignments.
. h. 1If it is found necessary to remaln an extras revolution in the football

prior to executing TPIo or the Insertion burn, the same procedureswlll be

followed as during the initial football revolution.

6. TPL,

a., IF PGNCS, rendezvous radar, or CSM G&N falls prior to insertion but
after phasing, 'I‘PIO is performed, As m standard operating procedure during
the football rendezvous, the IM and CSM should both be targeted and prepared
to execute the TPI if an abort is necessary, If the fallure is LM PGNCS,

a5 18 ured for executing TPL. A 1300 transfer angle ghall be used for
aborte from the football reridrzyoun, - But stnped or unntaged,

7. Innertion Mancuyer

a. MCC-H will computc and target the 1M PONCS for the Insertion maneuver
tn real time. Externnl AV tarreting will be used, transmitted via the P27
. uplink route If the time™ ine peemitn, Volce Yacknp {prd data) will nlways be
relayed.
b, The CSM will also be tarpetad to make a mancuver to wuard rpainet a

partial M DI burn falllng outsalde the enpability of the LM RCC tc correct.

] _ S 5 . .
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This maneuver will probably be fixed preflight. (for example - 20 fps,
horizontal, posigrade) which would permit the LM to return to a football
by RCS.

c. In the event the LM has performed s ullage maneuver prior to a DPFS
engine failure to start, the IM will remove that AV to stay in the footbell,
8. ©SI snd CDM

a. CSI and CDH maneuvers shall be targeted to cause TPI time to occur
when the CSM 1s 254 minutes before sunrise. TPI time is defined es the time
at which the elevation angle of the CSM with respect to loeal horizontal
as observed by the IM is 27.5° (see 9b).

b. The MCC-H will select and relay to the crew a single solution for

erch of the CSI and CDH rendezvous meneuvers -uhichrvill be used by both
spacecraft - for PCNCS comparison, AGS tarpeting, and CSM G&N mirror image
targeting, ete. It shall be that solution which is most compatible with
the PONCS. Some biases will be necessary for use in the CSM GaN.

c. A8 #& nominal procedure, the commend module will be targeted with
"mirror image" maneuvers to be executed with a one mimute time delay in
the event the IM is unable to maneuver, In order to maintain TPI time and
differential altitude within acceptable bounds it is necessary to bias the
radial Av component of the CSDH maneuver relayed to the CSM from the MCC-H
by an amount established pre-flight (probebly k.3 fpe). No other AV ‘
comporent of either the CSI or CDH maneuvers need to be biased in the CMC.

4. In order to compensate for approximations in the onboard CSY tar-
geting program (P32) resulting in a "nominal" TPI time shift, it is necessary

to bias the TPI time the LM crew inputs to that program 120 aeconds late, The
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crev shall bias CDH time 110 seconds later than determined by the PGNCS CSI -
targeting program (¥32) vhen sequencing through the CDH target!ng progranm
(P33) to compensate for an approximtion im P32 which would cause a large
radial component if uncorrected.

e, An cut-of-plane Av component will be computed by the IM FGNCS for
cSI and CDH using R36. Thie mansuver AV shall be executed unless it is
less than 2 fps. Thiz AV component will be included in the LGC,MSFC solu-
tion comparison.

f. 1M PGNCS AV golrzions will be compared with the ground. If the
solutions agree, the PGNCS solution w!1l be burned. There will not be
comparisons with AGS, charts, or CSM.

g. In the event the ground soluticn is to be used, 1t will be executed
using the AGS which has been targeted with the MSFN solution as a standard
procedure. The external Av mode 15 used. No Av componente of either the
€SI or CDH maneuvers need to be biased in the AGS.

h., No radar data shall be input into the AGS prior to CSI and CDH. .

{. Theres will not be any backup charts used for CSI. The LM shall
have backup charts for CDH and TPI. The CDH charts require a minimum of 29
minutes between CSI and CDH. The command module pilot will be unable to
compute onboard chart solutions for TFI due to the press of other activity
and so they will not be available as a data source.

J. In the event the IM has performed an ullage maneuver prior to a
mnin engine failure, the IM will remove that AV to maintain correct target-

lng of the CEM mirror image burn,
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[NOTE: Some of the following items (e.g., Se and 9c) which involve
lighting constraints have not been estsblished as being right, since they
are based on an assumption that lighting i{s not sandatory. In fact, the
lighting iz currently considered mandatory under certain circumstances,
These items are included here to draw attention to this extremely important
mtter. It is all to be resolved as scon ss results of analysis to
determine Tirm lighting requirements and expected TFI time dispersions
are available. Consideration is being given to shifting to the P3k
TFI "time option" from the "elevation opticn™ 1f neceseary to force

TPI to occur within *he window. This business also has implications

on 9d regarding the CSM procedures and the MCC-H solutions transmitted
for comparison. These results of these studiés mAay al:sCc cause & change
in the nominal TPI time noted in Ba.) |

a. Although studi~s have shown that if TPI time falls outside =
vindow of approximately four minutes duration undesirable lighting
corditions will result for one or both apacecraft, it has been established
that 1t is more important to execute TPI at the proper 2levation angle
than to honor lighting ccnstralnts In terminal phase. That is, lighting
constraints are desirable but not mandatory. Nominal TPI elevation
angle is mandatory. (See mote above)

b. The elevation angle to be used in the TFI targeting programs
(P34) in both spacecraft shall ba 27.5° for all rendezvous. A 330°
transfer angle will be used for all rendezvoue.

¢c. The IM shall alwvays use the elevation angle option in P34 for TPI

targeting. (See ncte above)




d. fThe CSM shall a’ways use the elevation angle option in F34 for TPI
targeting vhenever ‘1t becomes the active vehicle., Therefore, the first
time the CSM cycles through P3b it will use the elevation angle option;
however, if the IM TPI solution is determined to be acceptable by com-
parison checks, the CSM will recycle through P3% using the IM TPI time
as input to the "time option.” (TPl meneuvers will not be biased.)

e. TPI shall be targeted onboard and at MCC-H to force a node at TFF
(1. =., intercept). The MCC-H shall supply this maneuver via volce {pad
mecoage) in both External Av and 1ine-of-sight components.

f. If the 1M PORCS is working tmt rendezvous radar has failed, mo
external data will be input to the spacecraft systems----FGNCS, AGS, or
charts, In this case, the command module executes the TFI and subsequent
mideourse correction maneuvers and the LM does the braking maneuver if
visibility permits. However, *he command module, of course, mist compere
its TPI solution with the MSFN and that comparison wust be favorable, {If
not, see Sh) The commnd module would voice relay to the IM the maneuvers
1t has executed in order that the IM crev could update the command module
atate vector in tho LOC using the target AV program.

g If the LM PGNCS has failed, but the RR is working, compare the
onboard chart sclution for TPI with the MSPN, If the comparison is favorable
exocute the chart solution and, if not, use the MSFN Av's executed at a
time datermined onboard the epacecraft., The maneuvsr would be made using
the AGS external AV mode.

h. If both the AR and the CSM &N have falled, use the LM PGNCS to

execute the MSFN TPI solution given in LOS co~rdinates at the time at which

the elevatlion angle is 2‘?.50 ag determined onbtoard the spececraft,




i, If toe CSM performs the TPI maneuver, RCS will be used rather
than SFS as the propulsion system, This simplification significantly
reduces the CSM crev loading and gives greater assurance he will be

able to do all things required of him.
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UNITED STATES GOVERNMENT

Memorandum

R i

PA/Chief, Apollo Data Priority Coordimation

™M6/Chief, Orbital Mission Anslysis Branch

Reference trajectory usage for mission D readesvous simulations

and analyses

1. As a result of the recent change in the rendezvous profile for
mission D, formal documentation dces not currently exist bich provides
the trajectory information required frr rendesvous-Associated analyses.
The CMAB was reguested in the "D” Rendezv-ua Miss!on Techniques meet-
ing of September ¢ to define whi h, of the existing reference trajec-
tories, should be utilized for interir snalyses, software testing, and
flight crew support prior to the publication of the cperational trajec-
tory (currently scheduled for publiceticn Bovember 15, 1968). The GMAB
recommends that the document, "Revision 2 tc the Apollo Mission D
Spacecraft Reference Trajectory, Volure I - flominal Trajectory,”

(MSC Internal liote No. 68.FM.21C, dsted August 22, 1968) be utilized

for this purpose. The portion of the rendezvous proflle {rom & ground
elapsed time (g.e.t.) of wd:u2:u4.7 (Hr:Min:Sec) through TPF in this
document is identical tc the current profile following the insertion
burn from & lighting and relative mction standpoint. That ls, the rela-
tive position and velocity at 98:42:L4.7 are identical to those in the
current profile st the completion of the insertion burn, MSFN coverage
can be obtained from the rererence Jocument by using the current g.e.t.'s

for significant events. Thase are as follows!

Event

Undocking

Mini=football separation
Phaaing

Insertion

(051 ¢

CIH

T

TPF

Buy U 5. Savings Bendt Rigwiarly en the Payrell Sovings Plan

Current E.e.t.

K
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DATR: Beptemder 1T, 1968
68-M61-293

42:45:00
T HY F1 ]
93:u61UT
95:37:49
96:18:L5
Y7:01133
97:54:51
Y8:26:49
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2. The flight crew is currently performing rendexvous simlations
based upon the mission D reference trajectory (April 30, 1968). Ry
starting similations at the 9:.55:10 reset point, performing CSI at
the time reflected in this dncunent (98:52118), end using e a nom-
inal TPI time 100:29:00 (as opposed to the old wvalue of 100:15:25)
would sfford almost the identical relative conditions as those in the
current profile., That is, aAH of 10 n. mi. and a time betveen CIH
and TPI of approximmtely 53 mimutes would result. This procedure is
recomended for future simulations until the rest points are updated
to reflect the operational trajectory.

e Cly

Orbital Missionh Analysis Branch
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. :8ee list attached
" smost ~ ;PA/Chief, Apollo Data Priority Coordinatica
- SUBJECT: G Rendesvous Mission Techniques

If you can stand it, I would like to announce another change in the G

mission lunar rendezvous timeline. In order to provide more tracking
which vill hopefully irprove CS] targeting and %0 avoid bothersome
real time variations of time between CBI and CDN which foul up tae
plane change scheduling, wve proposse:

#», Mve CSI five minutes lzter « to 55 minutes after insertion
wvhich {s nominal apogee. This is primarily to avoid a rather large
radial AV at CIH.

b. Alwys schedule CDH one half a revolntion (180°) after c5I.

¢. Schedule plane changes 30 mimutes prior to CDH and at CDH,
as before., The LM should use the Z-axis RCS IM thrusts for the CIH
maneuver (by yawing if necessary) to awoid losing RR acquisition,

d. The IM may include a pinne change at (81 1f the CSN s
adequate sextant tracking for targeting it. Rendezvous redar only is
not considered adequate. -

-

The nev timeline looks like this:

55 ) oo . . - . B
5 g ;-2 -2 iz 2 1. O
I, 81 PJCo CDR & 2.0, ™ .

The only disadvantage we currently see is that it reduces the time between - -
CDH and TPI to about 33 minutes, Hovever, 33 mimutes should bde adequate
even with dispersions send the mivantages of a relatively fixed moneuver
nchedule and better maviuntion tafore CSI seem well worth {t. It should

br noted that a (hopefully smsll) chenge in the C8I targeting progrags

(P32 and Pr2) would be required to force the computer to use the 180
opacing betwecn CSI and CDH. This can be done in either of two wvays, Our -
prefarence would be to provide the crew control probadbly by modifying the
sccond P32 DEKY display fo mat to utilize the third register which is
currently blank as optior. code. [The other two displays in this formt

are apoidal crossing (N) and TPI elevation sngle (E),] The simplier but

By U.S. Suavings isowds Regmiorly on the Payroll Savings Plan



less flexible wvay of doing this job is to incresse the magnitude of the

ter currently stored in fixed memory which is used in the CSI R
test, which forces the logic to use a 180" transter wham the jre-C31
orbit is found to be essentislly circular amd apaidal croesings beocmm
j1l-defined. B Lipeberry will submit a PCR for this,

/aSmrll action items came out of cur meeting as follows:

_ a. MPAD - It is necessary to develop a rule governing the use of the
VHF iata in the event no sextant data is being obtained., It is our under-
standing that VHF data by itself is not only insdequate, but could actually
degrade the processing. If this ts 30, we peed to establish procedures
whereby the crew inhibits VHP into the O vhen sextant data is not avail-
able.

Y. m-ItiswmlmtmmthprMomeof
targeting the plane change meneuver regardless of which spacecrart
executes it, This is because the sextant 1s potentially more sccurate
than the rendezvous radar for this particular purpose, -Here again a
rule is nesded to define how mach sextant data ts neeled to target the
plane change maneuver as opposed to using the rendezvous radar solution.

¢. MPAD ~ We came to the conclusion at the last meeting that it wae
not possible to usé the same DAneuver solution for CSM mirror image
targeting as the LM uses for turn execution. This meent the crev would
have to cycle tiarough two programs rather than just one. On further
thought, it seems as though we can avold this extra complexity, which
18 really rather serious. I am sure ve can for the turn snd it
seems probable that something can be done for the CSI durn too, particu-
larly since it's constrained to be horizontal, Accordingly, we have
requested OMAB to re-examine this procedure to see if we can't clean
1t up., We must also determine whether one mimite delay in the mirror
image tarpeting is really & requirement since these are RC3 burns and
problems at TIG don't appeer to be too likely.

d. A3SPO - Milt Contella repoated a rumor thot the rendezvour radar
msy have random error in the shnlt angle measurement vhen the line-of-
night from 1M to CSM is close to the lunar surface, We must find out what
the true situntion is as quickly as possible and start fipuring out some
workaround procedure to be added to all the other ones.

-

Odda and Endn

\e nre ansuming that the CSM will backup the IN CSI and CDH maneuvers
using the S8P3; it ie probadle, however, as on the D mission, that it
will backup TP with RCS. We have also conclnded that the CSM should

-l
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not backup the plane change since tiet requires yawing cut-of-plane amd
| disrupts tracking dbetween C8I and CDH, Of course, if it is known that
the IM vill not de abls to perform the plane change mapsuver, the CSM
will do it at that time, If the LM and CSM Doth fuil to perform the
plane change 30 mimutes before CDH, the CDN plane change will force the
node pear TP and 30 in that event the plane change vill be taken out
during the TPI bturn targeted with R-36 to force a nev node 90~ after
TPI time., This, of course, is a depsrture from the nomimnl TPFI plan
vhich calls for forcing the node at intercept (TPP).

W. Tindall, Jr.

That's it!

PAIHWTindall, Jr.:1Js
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Memorandum . : -
TO ! Bee Mot belov B DATR: September 23, 1968
' © 6B-FN-T-201
yROMt 3 ¥M/Deputy Chief RS .

SUBJECT: Resulta of Beptember 17 Apollo Spaceeraft Software Configuration
Control Boerd (ASSCCB) meeting

The first three hours of th!s marathon seeting wure devoted to imple.
mentation of the deacent program in LUHIMARY. The currently approved
plan o to implemont the one-phnce dencent scheme proposcd by Floyd
Bennett and hia merry crev. Hovever, AT bnn been dirzeted to implement
it 1n guch » way that 11 would be possible to fly the 0ld two-phase
technique = i desired, Almort 1l effort is {0 be devoted to the
onc-phace technique with only one dny's worth of testing included
for tht iwo-phase = and no design {ryroverynts are to be devcloped
or includrd in the two-phare, What thic really means ia that at the
cort of one duy's worth of teating w tuve provided soma chenp inours
. ance for being uble to chonge baek Inter If we huyve to. If tha dccinion
verc mde to use the two-plnee, a considernble amount of additional
testing would be required and at that time, program deficiencier might be
uncovered revealing that thnt eapability does not really exist.

Severul thinge ihat interested me about the nev one~phnst are!

1. Tue dcelslon of which wny Lo go - one or twvo~phase {s mnde
pre-flight and an option flag in get in erasible memory before launch.

2. 'The mch smoother attitule time hintory of the one-phasé scheme
my very vell perwit the 1D trim gintml to do all the nteering, substan=
101y reduclng RCD usape.

3, MIT is providing a crew option via the 1EKY for mmually changing
from TG3 to POh in the cvent they wont to do that enrlier than the auto-
mtic switch.

. High-rate is now being defined s the time st which the lanling '
radar pooition ip chanped. T : .

MUAD hap rutmitted n Program Chanpe Requent (FOR ph9) to ediminste a
Joek-out of the landing radnr datn nbove 35,000 feet (estimted rltitude).
This wan a tvo part change since 3t is neceerary to fix a progrum to
n1low the dnte to bz read mnd alro neecrray to ehance the weighting

. funcilon ruch that data atoye 35,000 fect 4a rot glven a zero infln~nce




on the rtate vector, Bince the proponed change was estimted to cont
three doys schedule impnct, Floyd Fennett wmo requested to rewrite his
FCR to simplify the requirement while achieving the same end results.
Essentially, it amounted tc replacing the 35,000 foot boundary with a
50,000 foot boundary. In addition, it is pccesrary that I verify that
the rendezvous radar povered flight desigmate routine (R29) can be
eliminnted ms a requirement and thus be mde nuncallable from the descent
programa, Subscquent to the meeting I did that and have informed FSD.

Cuidance and Control Division brought in two ICR's {Ros. £2Ph and P48)
vhich influence the procecsing of the landing redar data. One changed
the renconability teots and the other pruvided a delay in utilising
innding radar data for four sccondr aftcr the 1GC receivos a "data
pood” discrete because it takes that long for the Innding radar output
to converge on the true vnlur after lock-on. Dolh vere appaoved at a
cont ol one dny each,

MIT wur requested o determine the impact of changing the descent propram
such that it would be possible fur the crev to commnd all four RCS Jots
in the mimue X direclion immediately vpon touchdnwn i order to sxdoth
the IM into the lunar surface and keen it from turning uver vhile ihe

PIT belchen to a stop. Aln't that the damncp! thing you ever heard?

Flight Crew Dupport Diviglon precentel a prope-al to modify COLOUNUS YT
to pormit the erew to minually stoer th 517 Larn in the event of o
SIVR IU fuilire, No pction will ®r tnlen on this unill the Ltechnlque
is approved by Mr. low's CCBH.

A renlly ancient JCR, No. 132, pubmitied by the ercw to provide a VIIF
ranping data pood dinerete lipht, wmn finally disnpproved nince the
specernft will not be modiried to provide the additiom) DSKY lipghie
whlch would have been used for this,

Tom Gibeon preceonted thelr proposnd, which wvas ajpproved, for the followe
on spneceraft pregrams, A soeenlled COIFESUS I Mod A will be prepared,
vhich ir basically the COTOOSUG T progrum with all known anomalien
corrected plur Lhe followi n;, three rimple program ieprovemrento:

1. NY mlae torquing
2. Fackuy integration
3. An Improvement on thr mirk {ncorporntion
It §e planncd th t a tape edenne of thin progmu will oecur on Metonber

1, nt vhich time misrlon oporatlons teating (Tavel G) can be started
along with rope mimifactore. This pregram will be used for the D mineion;




A COLOSSUS II program is alro now be!ng developed which starts from the
COLoCSUS T Mod A baseline to which (51/

will also include anomnlies uncove
MIT's eatimte of tape releane for

It ig felt that this program can proba
106 - tha* ia, the fiight after D, whatever that is.

h 581

chH will be added,

ineldentally, should slro be avallable on spaccerafd 106.

Addresceent

M/J. P. Mhyer
C. R. Husno
. N. Owen

m3/r.

J.

E.

M.
/P,
RI
»M5/R.
m /.
MO/,
X.
/s,

P. Forten
H. G\-l'l'].f.'y
Y. Murrah A
Collins

T. Pixley

T. Savely

¥. Froull

. Feck

R. Repelbruppe
Au Y('ﬂlng

P. ¥ann .
0. NOI"],C‘G

Re
mfﬁmnch Chiefr

TR /lionsten/R. J. Foudrean
MIT/II-/M. w. Johnston

FHiHETIAA)Y, Jr.ijs

I suppose it
red too late for the Mod A version.
this program is February 1, 1969.
bly be made ready for Bpacecraft
VHF ranging,

P N

Howard W, “ﬂdﬂll, Jr.
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UNITED STATES GOVERNMENT
Memorandum

TO : See list attached DATE: September 20, 1963

68-PAT-2004
: PA/Chtef, Apolloc Data Prior'ty Coordination

3
£

sUBjECT: C' Transearth Midcourse Correction (eC) amd Ent.<y Mission Techniques

On Jeptember 13, we conducted m review of the Trafaearth MOC and Entry
Miasion Techniques for a lunar mlasion, Although, originally developed
for an F or G type m.anion, the dlgcussion was almort completely devoteq
to C'. Participation i{ncluded nll interested MEC organizations {including
the C' flight crev) ae well as representatives from Korth American, MIT,
and Bellcorm. BSome fairly significant decisions wvere made, vhich it is
the purpone of this memo to report.

1. Previous to the menting an agreemnnt had beun reached by
Mr. C. C. Kraft and the flight crew that on the C! ntasion__g non=skip
reentry would nominally be uti{l zed. It was noted, however, that in
mncy situation the full 2,500 mile reentry rangs aght be
. needed for weather avoidance ani, therefore, -he cnpabil!ty was to be
retained. At our meeting we determined t-at the Tull 2,500 mile range
wvas really not a useful capability ard are recommending:

. a. All work choult be criented to provide capability of rea
-entering with mngen limitsi frem 1200 to 1800 nautical miles, {(Based
on these limits the GNCS chould never enter reentry P66, )

by The ur~ful oprratioml footprint nominally is 1200 to 1L450
nutienl milee, (Similations eurrently undervay are expected to permit
extendinge thir to 1550 or 1600 mautical miler,) The norml reentry
rnpe for targeting and ship lorntion purposes (1.e., PIA I) phall e
137C nnutlcal miles (which, 1f lown would preclude upe of P65),

e FLA 2 Ir dofined ar a continrency aren and will be oo ted nt
norange of 100 pautienl milen, LA 7 4111 naver bo uaed unler. MA I {n
umnceeplable for aome penron ant tie AN Ia orklng.  If during stiompt
to renciy FTA o the QAN 111g, The erev will ’ly a constant ¢ ~eentry until
nerodynamic capture ls a: ured und then will fly maximur rangn to get as
close to LA 2 as pornible,

2. It reems lorieal that nll byswma tests, crew training, procedure
development, ete, be limited to the above defined capabllity « that is,
no affort should be dovoted to preparing for entry ranges grenter thar
L0 pautient milen, as biant fop the C' minnton.

Bar U8, Savings Bonds Kogularly on 1) Payroll Savings Plen




3. Consistant with tne short range reentry, it was decided at the
meeting to eliminate the previously nominal, shallow entry target line,
Subsequently it was decided to rodify this decision to apply only to
entries at velocity greater than some value to be established by C. Craves,
J. Harpold, and Co, Essentially it applies to the nominal lunar flight
and aborts performed some time afler TLI. Henceforth, MCC-H maneuver
tarpeting will be based on aiming for the Bteep targeg line, previously
only utilized for contingencles which provide a =6.L8; flight path angle
at the sntry interface, Unm of this steep target line is conaidecred to
be compatible w.th a short range reentry and ronstraining targeting to
1t will substantially simplify flight eontroller snd crew procadures,

L. The activity ansorinted with IM/CM meparntion was throughly
dlncusced nnd was fimmlly combined with the pre-entry spacecraft attitude,
horizon chock, TFor the flrct time It appears we have an pgreement on
the timeline and crew procedure: including mampement of the CMC for sll
this pre=-entry activity, The separution pitch attitude has bgen defined
nt belnp the came ag the horizon attitude check and yav is bs” eut-of=
plane. Sepration studles chould be enrried out, if they have not alreandy
heen completed, to verify ncceptadbllity of this decision - not to optimize
Lt.

£, Previously 1t had been proposed that the EMS would be started
mnually at the MCC-H computed time of .00 g's becnuse it was erroncously
felt that the EMB Range-to-Go d'rplay could be made substantially more
nceurate by following this proc -lure. At this meeting the declision wna
reversed and 1t i8 now recommen.ed that the EM3 be astarted automatically
with crew backup after a r-ascn ble time delay, currently three seconds.

€. Two decisions were reached regarding the Transearth Injecticr
(TRI) maneuver,

n., 'The criteria for switching over from QNG3 to 8C8 will be
barnd on providing n rubsequent trajectory in which the MCC's do noi
ext-oed Lthe remalning RCS cnpability.

b. 'The only bv rraiduyl requiring trimming at ThI cutef? ..o
the x-nxls nnd 1t mhould only Y- trimmed to within 2 fpn.

7o Thownn Aaprecd thet all weanareneth MY, tneluding the 1 ent, would
b performed for corvider contrnl only, unle-s ft ta determined in ranl
time that the predicted landing point is unacceptable for some reason
(c.p., iracceptable weather or and masces within the footpriit or in the
FIA ¢, or excesslve raturn to tnse staging time)., It was staced that 1f
a maneuver is required to relocate the landing point for ressons such as
noted above, the maneuver will be made larpe enough %0 provida acceptable




landing conditions in the rntire FIA I footprint and at FIA 2. Wherever
possitle, of course, the rucovery ships will be removed to a nev location
consislant witu a 1350 nautical mile entry range.

9, Incidentally, it appear: that 1t will be decided to fly the C'
mieninn with the GNCS up and opcrating continuously, if power permits.
I understand MIT will endorse this as being preferable from an overall
reliability standpoint,

10, The C' Misston Techniquer Document shall be updated to conform
with these changes and decisionr.

PA:HWTindall, Jr.:)s
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FROM

SUBJECT:

UNITED STATES GOVERNMENT

Memorandum

WTENAL POV B, 8
AY 1908 RIITVN
SAA PRaE (A OM) Wty

See 1liat belowv DATR! SEP 4 1968

GB.HQT-I”
FA/Chief, Apollo Data Prio=ity Coordination

Bhould LM RCS jet #10 be disabled for the “D" mission docked
DF8 burn?

The following paragraph i{s extracted from MIT's Bpacecraft Autopilot
Dmvelopment Memo #11-68, dated July 2b, 1968, by William 8. Widnall.

"In the docked configuration jJet #10 produces puch 1ittle torque,
that it may be advantageous to disable this Jet (with notice to the
LGC}. The DAP will porform better because the estimated mccelerntion
¥ill agree more clomely with the actual sccelerntion. As a yerult
there will be less bendiing exitation. Also, Jet 410 would not be
wasting RCS fuel and would not Le heating the descent stage.”

Is the recommendation being incorporated in the docked DPS burn
procedure on the "D" mission, or shouldn't it bet

Howard W. Tindall, Jr.

Addrenseas:

CB/J. A. McDivitt
CF/W. J. North

CFohi /P, Xramer
EGPB/K. J. Cox
FCS/H. D. Reed
FS5/T. F. Gibson, Jr.
FM13/A. Nathan
™7/5. P. Mann
MIT/}‘- W. JOhnﬂton

PA:IWTIndall, Jr.t)n

Buy U.S. Savings Bends Regularly on the Payoli Savings Plas
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. UNITED STATES GOVERNMENT
Memorandum

TO  : Bee list attached pars: AUG 8 1968

rRoM : PA/Chief, Apollo Data Priority Coordimation

suBjrCT: Correction to memorandum

Please destroy the cover page of memorandum 68-PA-T-1T2A, dated
July 26, 1968 and replace it vith the attached corrected copy.
oward W. Tindall, Jr.

Enclosure

Buy U.S. Savings Bands Rigulurly n the Payrell Savings Plan
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UNITED STATES GOVERNMENT
Memorandum

Sea list attached DATE:
' 68-PA-T-1854
PA/Chief, Apollo Data Priority Coordination

Propulaion system to be used on the "D" Nission Rendezvous CSI Maneuver

One of the planned rendezvous mereuvers {C5I1) on the "D" mimsion 1s
nominally zero. 6Since it is intended to make this maneuver based on
the real time situation, some logic miet be established to govern
vhen and how the maneuver would be made, This memo {s to describe
the proposed logic,

If the computed value of the CSI) maneuver is less than 1# ps, the
maneuver will not be executed at all. If the maneuver is greater than
1l fps but less than 6# fps, the spacecraft will be oriented with the
minus X-ax{s in the directlon of the velocity vector and the moneuver
will be carried out using four Jet RCS. The remson for this orients.
tion is to avoid losing rendezvous radar lock. This means, of course,
that the maneuver may be executed in either + X direction with equal

Trhe 6 fps upper limit is necessary in order to conserve RCS propellant
as vull 88 to remain within Jet {mpingement constraints, If the 814
ia in excess of € fps, the DPS will be used at 10% thrust {even though
rendezvous radar lock may be lost).

There was concern about using the DPS to carry out 8mall maneuvers from
the standpoint of pw the PONCS would vork as well as whether a short
burn for CSI would preclude use of the DPS for the 60 fps CDH maneuver
approximately 30 minutes later, Harry Byington checked inte this and has
determined that the propulsion people intend to adopt the following DFS
constraint for the "D" mission: the DPS may be used provided at least

30 minutes has elapsed since the previous burn, no matter how short is
wag., In other words, we have no problem there, It has also veen detera
mined that the PGNCS does not limit us either. Although the DPS thrust
program (P40) does not have short burn logic like the SPS and APS Programs
have, including start Up and tall ore characteristics, it is capable of

* I selected these values to {llustrate the point, They're Probably not
far off, MPAD 18 in the procesc of determining the proper valuas,

OMAB - the first bused on rendezvous considerations; G4PR - the second
Paced on engine characteristics and consumables, (Task aasignments ape
needed. ) -

Buay U.S. Savings Bonds Regularly on the Payroll Savings Plan




handling the task., Just before igniting the engine, the PONCS determines
the duration of the burn required tc achieve the desired AV, assuming the
engine will operate at a constant 10% level for the entire period. This,
cf course, is not an accurate assumption.) If the burn duration is less
than six seconds, as it certalnly would be for CSIy, the PONCS would com-
mand a timed burn, It will simpiy turn on the engine for the duration

of time computed and then will turi it off regardless of the AV obtained,
Orderinarly, thls wlll result in an underburn since the slaw thrust build
up characteristics would not be compensated completely by the tail off.
The difference should be well within trim capadility, though.

Of courss, if C5I; turns out to be as big as 6 fps it's bad news! Some.
thing it not working right, the izplications of which may make all this
unnecessary. Moewever, 1t 1s interesting to know that there is a capability
to make maneuvers of any size,

PA:HWTindall, Jr.:)s

L
. Tindall] Jr. a I/\ |
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UNITED STATES GOVERNMENT
Memorandum

PA/Manager, Apollo Spacecraft Program pars: AUG 1 1968
68-PA-T-183A

PA/Chief, Apollo Data Priority Cocrdination

1M rendezvous radar 1is essentiel
N ——

o T —

A_ mther unbelievable proposal has bdeen bouncing around lately.
Because it is seriously ascribed to m high ranking official,” MSC

and GAEC are both on the verge of initisting activities - feasibility
studies, procedures development, ete, - in accord with it. S8ince
effort like that is at a premium, I thought I'd write thia note in
hopes you could proclaim it to be a false alarm or if not, to make it
one, The imtier to which I refer is the possibility of deleting the
rendezvous radar from the LM,

The first thing *hat comes to mind, although not perhaps the most
important, !z that the uproar from the astronaut office will be
fantastic = and I'1ll join in vith my smll volce too, for the follow-
ing reascn. Without rendezvous radar there is absolutely no observa-
tional data going into the LM to support rendezvous mmneuvers, This
would be a nerious situation beth during the major rendezvous maneuvers
(C31, CDH, and TPI) and during terminal braking. Please let me discuss

thece neparately,

Firat of all, let it be clearly understood the MSFN eannot support
rexdezvous maneuver targeting during lunar operations, That must be

an entirely onboard opiration due to limitatiors in MSFN navigation
(1.e., orbit determimation} using rhort arcs of data on a maneuvering
npncecraft and because much of the rendervous is conducted ocut.of-gight =
nnd -« voice of the earth, Ir other wordo, ve couldn't tell them what to

Core e e,

" ettt

Thurefore, without the LM radar the only source of maneuver targeting is
the CGM, Us 'ng what? A VHF ranging device to be flown for the first time
or the lunar mission and a spacecraft computer program (Coloaaua), which
do?s not have the CSI ind CDH targeting prograns in it. Thus, the CSM
pilot would have te use charte! I'd like to enphasize the fact, though,
that the COM pilot ln Ao busy making sextant olservations (which are
mudatory = VHF alone is not adequate) and performing mirror imege
tnrpntling, ete, along witn routine spacecraft management that it hae

been roncluded he enn not and will not perform onboard chart computations.

Buy U.S. Savings Bends Regularly o9 the Payroll Savings Plan




And = even if we were to think negative scheduleawisze and aspume ve will
pet a flight qualified VHF ranging device and CSI/CDH targeting in
Colossus, Jr. in time for the lunar mission, I can't believe we'd be
willing to fly a rendezvous vith no backup or alternate data source

for comparison. The AV margine are too small and the consequence of
failure is unacceptable!l

Now. let me speak of terminal phase braking. Range and range rate

information are esgential for this cperation. This can be obtalned
crudely by visual means and without raday that's the only source.
(Lighting conditions must be satisfactory - although poor CSI/CDH
targeting wlll caune TPL time slippage almost certain to mess it up.)
The DGKY displays of range and range rate f.om the computers are based
on the state vectors obtained by the rendezyous navigation and they
degrade bedly at close ranges, That is, their usefulness is highly
questionable, (Unless lurar operations are better than "earthal,”
they are worthless; I'm nc: sure if lunar is better or not.) So

its the eyeballs then and plenty of RCS.

If T sound llke I'm on some higher energy level about this, it's cause
I Am. I'm sure most will sgree that a rendezvous radar failure {s the
vorst that can happen in the PGRCS (and AGS) during rendezvous since
withcut it all data is lost. (For example, the current "D" rendezvous
mission rule is that rendezvous radar failure dictates aborting the
rendezvous exercise, the CSM goes active for TPI and midcourse cor-
rections, using the sextant, and vhoever can see best vill give a try
at braking.)

Tlease pee if you can stop this if it's real and save both MSC and
GAEC a lot of trouble.
’ K}

Howard W, Tindall, Jr.

ces

M/c. H. Bolender
FA/Ce Cv Kraft, Jr.
cA/D, X, Blayion

PA1HWTInd1ll, Jr.1js
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Memorandum

AUC 1 1968
PA/Manager, Apollo Spacecraft Program DATE:
68-PA-T-182A

PA/Chief, Apollo Data Priority Coordimation

North«American Rockwell (NR) participation in Nission
Techniquas Activity

This note is to let you know that NR participation in the Mission
Techniques activity is almost negligidle, (Except reentry - Bobby
Johneon's team working on the FMS is outstanding.)

We have many internal meetings here at MAC; I'm not referring to
these, but rather to the mich lees frequent big meetings, well
attended by MIT and (recently) by GARC. It is at these meetings
that a great many details are resolved involving crew procedures
and their interface with the ground, etc. Knowledge of much of this
mist be essential to prepare useful AOH's snd to conduct meaningful
similations - and, KR input might be useful too!

I renlize there is a budget squeeze damping travel, of course, T
vanted to mage sure you were aware of this situation so that proper
priority could be agrigned - if {t isn't - to NR management. l'rankly,
I don't see how they could possidbly know what's going on!

]
1 -‘.-.-h
Howard W. Tindall, Jr.

PA:HWTIniall, Jr.:ils

v
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UNITED STATES GOVERNMENT

Memorandum

PA/Manager, Apollo Spacecraft Progrem . pae: JUL 311968

68-PA-T-1T5A
PA/Chief, Apollo Data Priority Coordination

1M propulsion of the IM/CSM confipguration s an SPS backup technique

The capabilities demcribed in the attached EA memo, same subject, were
wvell coordinated throughout MSC leading to the present situation, which

g8 far as I can determine is acceptable to everyone. No associated

Ly

Howard W. Tirdull, Jr.

aztion 1s requested of you.

Enclosure

PAIWMndall, Jr.ije
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- ' ' | 59 Pl b8 34
TO A/l«t&nager, Apollo Bpacecraft Progrﬂm'm l ) DATE; waY 1/W.L Co
o X¢
' ' ' o] rcgsly refer toi
.rmou ¢ FA/Dircctor of Enginecring and Development £023-88-68-486

sumjreT; IM propulaion of the LM/CSM configuration as an SPS backup technique

Raference 1s made to Lhe following documenta:

y
8
E

1.  MSC mcmorandum, "Miecsion Flanning Bystems Meeting No, 4," Obtober I
1963. . H
' !

K&

3
S
B

™,

:
&

2. MSC memorandum, "Use of the Apollo IM propulsion system as backup -‘m'

the service propulrion system,” Noverber 10, 1963,

PL-N 03
3. OAEC memorandum, IMO-500-112, "Jynamiec and stetic stability anelysismiin
of & combined IM/CSM propelled by 1M thrusting," May 28, 1964, PAAMSILS
k, GAFC memorandum, TMO-50-192, "Stabiliiy of combined IH/CSM’ with TM PA-Tectat
thrusting including guidence locp,™ July 22, 196, :

. 5. Apollo Misston Pleaning Turk Forca (AMDIF) report, IED-540-8,
July 27, lyhh.

6. MSC memovandww, FG23, April 3, 1965, "Preliminary results of analegp,
simulatlion of CSM/IM Lrenscarth injection using IM propulsion,”®

P2
"
r
"
PP

o

7. MSC Internal Note, FG-65-26, "Analog Simulation Study of IM Déscent A
Engine Propulsicn Backup to the SM Service Propulsion System," June 16,
1965,

8. MSC nerorandum, 66-}{11-30, "DFS backup of SPS in the earlh's sphere
of influence,” October 19, 1966,

9. MSC memorgndum, "FG27-128-66-1178, "Manual mode DFS for 8PS backup,"”
Novemder 16, 1966,

10, MSC Internal Noto, 66-FQ-U8, "Limit eyede bounds for docked cone
figuration," Noverber 21, 19066, '

11, MAC memorendum, FA? Lo FO?, "Non-froe return trajoclories,"
October &, 1947, '

32, MSC memorandum, FOP3-68-4), "Proposed extansion of Lhe IM DAP
manuel modes evelustion st GARC,™ Pebruary 19, 1968,

. 0 ' '
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The question of using IM propulsion in a IM/CSM configuration has
recently been the subject of detajled review. Control system studies,
both inhouse and at GARC, have coniributed to that revicw., Because of
the carrent interect in the 1M propelled docked configuration and its
guldance and control systens, 8 review of the studies performed in sup-
port of the systen devclopment effort has been v de., The presenl memo-
randum is {ntended to surmarize the results of those studies.

Use of the 1M ascent andfor drscent propulsion zystem to propel the
18/CSH configuration \25 & backup to the S1S) was proposed by NR in
Iate 1963 (reference 1), Shortly theresfter, a alalle feasibilily
study of such backap was made at MIC {rcefurence 2). A dynamic sta-
bility anrlyslis of the propused backp ccnlyol syslem wos cmplclcd at
GAEC in the Spring of 19¢h (reference 3), and extended to Include guid-
ance Joop dynerics two mentha Inter (refercnee L), With the completion
of single-azly stalic ond dynemic gullrnec and conlrol studics of the
IM propelled configuralion, & Joint 335 10 A RANOALS commiarion (the
Apoltn Migaion Pleoning Taek Force, v}, recormended edeplion of a
IM DI backup to the 8PS (refercrce 5). Avplio of a control mode
which would enploy the IM APS Lo prope) Ade }}-%/C:.!.‘-t docked configuration
was nobl'recercended becnuse of tha rejsTre- mb 4o contain large Avs/oc
poment unbalrnses with the RCS,

The GAMC study deseribicd dn referenes 3 873 thal adequate closcd
Joop etlituls eontra) of the dock.d c2z.fig ~ation during a NP8 firing
requircd a Inrgo grin fneroncs {cuor e we Tusked 1Y eontiguratien) n
the piteh 201y rote fredinek chinne’s o® the 1M aneleg etiitude eon-
trotl gyzten, This rogairoeoal wes ecrrc? ~ralsrd by a three-axis rol--
tionnl and tronglalicnn) guid-nee sn? eirirol evalvatlion of Lhe [ [0
conlipuratten cornplated by Ak Quldnmes av Cortrs) hivisien ecarly In
3905 (riferencis 6ol 7). Tha effeals of boly bending prl propell ot
gloching oo facletel In the ey Tt oy 2 2 Lhe fers'W7 )iy of Lo
ponual ool aute atle polor of gontrod wot dereratyated, The ASPQ, In
ordir Lo ay $1 Lhe bl oo ohonge mat 't fn the Bl oeralop autopilol
R accoy it obe Both O e ol €O of 7 evnflzurillons, declded to Imple-
pent ecitrel of the Diiepre; 21121 ductie ) aonfigaretion In Lhe LI digi-
Lol puteptlcl enly.

ALLentlop wne apen oot) 1 Lo W o jed of 117 D% buehp 49 Lhe Sit
fn Inle 1070, The Mireloe Plesine o030 Tynly Divislon pelnted out
that Lhe I02 fives s s ooy poquiees ol e 70 ta redfeved by oniiting a
petorne b ece Wb gt fe Wb 160, ¥Taster Plraeatroent Anedysls
Pivicfcn rogeatiote o Th LT af L S U uiYity of o I propelled
Pine T mtltilt bow o e st oot a8 A dnibed cunflgu-
potten Cromo oo B Tee a2 e DfvlaTen apeccl Abel
the peog o0 T fied AT Yoenom L R :H‘."r.-'-."u - 9) ant
Grte ., tre M e ey Y e T o b poqatre D pNLLT e le Rl un o
T L D B e N A (N 1) Thess eeqsideesllons
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strengthened the position of the Culdance Software Oontrol Panel, which
held that the IGC should ret include a return-to-carth program, but -
should rely upon the CMC relurn-to-corth program and the MSFN.

. ]
In the fall of 1967, the question of 1M propulsion o7 the LM/CSM docked
configuration was reised in connecticn with non-free return trajectories
(refercnce 11). The subject was reviewed by the Cuidance and Control
Division and the control status of the configuration presented to the
Directorate, Most rccenlly, the Astrinauls expresscd interest in the
one time rejected ArS-propelled IM/CSM.  Contro} of this configuration
(rotated st the docked fnterfare to rinisize APS/CG moment unbalance)
was Snvestipgnated at GAKC (reference 32).  Inasmuch ns the GAXC investl-
gatlon did not include the dynamlc effecls of structural bonding and
propellent sloshing, L could not be consldered tonclusive, Revertheless,
there 38 indicaticn thal control of the dereribed configuration may be
Teanible., Whether L s feasible Lo rolate Lhe dock’ng interface in the
manner ascumel 8 also a patter that nocds verlficalion.

According to present mission planning, there Is orly cne eonlrol mode
sperifically intended for IM vackup preywilreion of the docked IM/CSM con-
figurafion., Thal mode erploys LM DIS prepuleion, DAP atiitude eentrol

in "auto” mede, exlernal delta V torpgeilng, and cross product stcering.
The GCuidance ond Control Division does not plan Lo conduct further
studies $n the doplh necded 4o verify the design of docked AYS meade unless
a miasion requircment 1a established,

s
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UNITED STATES GOVERNMENT
Memorandum

TO t 8ee list attached DATE! JUL 26 1968
. 68-PA-T-1T1A
oM : PA/Chief, Apollo Data Pricrity Coordimatiom

susjecT: Mission Techniques Documentation Schedule

Somn people have asked me for a scheduls of vhen the various Mission
Technigues kooks will be coming outs I zan't ramember who they all
were so I'm sending it to everyone. I'll update it {n a couple of

months,

N
Boverd ¥, Tindall, Jr.

. Enclosure

PAHWTindall, Jr.:is

By U.S. Savings Bonds Regularly on the Payroll Savings Plon




MISSION TECHNIQUES DOCUMENTATION SCHEDULE
as of July 24, 1968

Cubjeot My 1h Est. Current Bst. Actual
C Retrofirt and Reen Draft - - Dec. 6, 1967
w nl - - hr. 6: 1968
o - Update - Aug 23
C Rendezvous Draft - - Apr 16, 1968
Final - - My 29, 1968
Update - Aug 12
- C Dmta Select (MCC-H/RTCC) Draft July 29 July 29
Fiml - Aug 12
D Retrofire and Reentry Final - Sept 23
D Rendezvous ‘Draft July 22 Aug 16
Final Sept 3 Bept 23
D CPS and DFS Docked Maneuvers Fiml - -
J Data Select (MCC-H/RTCC) Final - Sept 30
F. Rendezvous Praft Aug 19 Bept 30
Final Oct 7 Nov 18
E 5-IVB Purn - -
.nrth Orblit & TLI Draft June 10 - June 10, 1968
Final July 8 Aug 19
G MCC, LOI, TEX Draft Sept 16 Sept 16
Final Rov b Fov &
G Descent {Wanke up to touchdown) Draft June 17 - June 17, 193
. Final - Aug 5
G MCC-H Fowered Descent Monitor- Draft Sept € Bept 23
Ing Final Oet 2 Oct 28
G lunar Surface Draft June 17 - July 272, 1968
Final - Sept 16
i Ancent Drft Sept 5 Oct 7
Pimml Oct 28 : Lov 18
G Remdezvous Drafs Aug 19 Sept 23
Finsl Oct 7 Oct 28
G MCC & Entry Draft July 1 Aug 12
Final Aug 12 Sept 23
Lunar Dnta Select (MCC-R/RTCC)  Pimal Dec 2 Dec 2
G Drzcent Aborts Draft - Oct 21
Final - Dec 2
ﬁ Lnunch Aborts Final June 2h - July 22, 1968
OV Launch Aborts Final Bept 9 - -
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July 25, 1968

"D" RENDEZVOUS MISSION TECHNIQUE.
OPEN 1TEM LIST

(to be discussed at pext meeting)

1.

Rendezvous Navigation Mission Techniques Panel Report.

2. MPAD to determine expected trajectory dispersions at initiation of
the rendezvous exercise,

3. MPAD to determine CSI/CDH out-of-plane AV lover threshold.
L, MPAD Lo determine CDH, time blas.

5+ ASFQ to determine expected LM IM! aligrment accurmucy vhen docked to
.. the CSM.

6. Review of MCC-H/Crev Pad Message Format.

T+ Crew to determine from simulator exercises the maneuversbility of
the LM in the docked conf{iguration during terminal phase,

8. MPAD to establish acceptable difference limits for use in comparieon
of onboard vs MSFN rendezvous targeting (CSI, CDH, & TFI).

. 9. Review of rendezvous meneuver monitoring procedurea,

10, TRW to present AGS align and initiaiization procedures.

Enclosure 3
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emoranaunt

See 1ist below oarm: JUL 26 1968

68-FM-T-170
Fo/Deputy Chief”

ACS progrum changen

On Thursdny, July P9, Culdarce ant Contral personnel met with

Mr. C, €. Kraft, halrman of ihe ayollo tpaccernft Software Con=-
figurntion Control Foard (ACTCCH), to dircuss and obtain direction
ronérding what to do atout the AGT cormputer prograums starting with
FP-6.

fince the cont in apporently noplip ble, it wus conctuded thnt they
should go shead with the ehanges dererited in AGS 6CP nor. L2, Lk,
and 15, which were on the epentn of the July 23 ASSCCB reeting. They
are primarlly clean.up itens that den't influence the AGS desipn
enpability.

In sddftion, it was dreined to Inzeargarals the pow rendoervourn raler
filter which, of course, reons Ah=t ihe COT apd COH targe Ling prograns
mict be elininated, I thirk thal everyonr grrees that thie won a very
imporinnt thing te do, if it waz porritle, since without the ncv yadar
filter, the AGS performance ean b2 urcceplebly poor. FP-C w11l be
avallntle to support an Augtist 1967 lsunch date,

Incidentally, in case you wvoren't awnre of §t, FP-5 which supports
the Mireion "E" lnunch date has the alijtule update nt beginning of
hover incorporated in it. This rirple chanpe greatly increnrcs the
probabllity of safe perleynthion in the event of a 1late dercent adort.

I would recommend that Moln Phy:tes Rronch review the new RR filter
immedintely 1f they haven't alrendy, rlnec it's Yeing implemented now,

r-—-—-—-- -— -

{

__Howard W. Tindall, Jr.

Addresseen: -
‘TM/J. P. Mayer NG/R. F. Froull
C.» R. Hunn H. D, ket
D. B, Oven MG/R. R. Regelbrugee
FML3/R. P. Parten , X. A. Young
J. R. Gurley M7/, P, Mann
B. D, Murrah R. 0, Kobler
A. Nathan R. ¥. Rrovn
/P, P Tixley }M/Eranch Chicfr

R, T. fnvedy

FMRindA21, Jr. e

™W/R., J. Boulresu

L4
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UNITED STATES GOVERNMENT

Memorandum

pate: JUA 26 1968

6B8-PA-T-160A
PA/Chief, Apollo Data Priority Coordination

July § and July 24 "G" Rendezvous Mission Techniques meetings

1. During the July 9 and July 24 "G" Rendervuun Misslon Techniques
meetingt we  have developed prelimimary intrae-vehicular rendezvrous
navipation nighting schedules, Crevw vork load estimmtes currently

in use for the "D" minsion rendezvous are incluled, These traciine
schedules are very importnnt sinee they have a oredominating inTluence
on nlmont verything elre, For exarmple, from tiene it has been nhosclble
to develop a pralimirary spaceemft attitude time hirtory which shows
som: falrly large paps nre golng to be prerent n the CSM MGFN :elemetry
covernpe. This, of course, is due to the fact <hat the S-band ntoennn
is on the zame side of the spaccerqft as the cextant, which must be polinted
down in order to obrerve the LM. Of course, during mancuvers occuring
within sipht of the earth, the CSM e¢nn be ynwed to a heads down atilltuwie
ennbling S-band telemetry coverage, The roendezvous activities lo not
ordinarily interfere with IM telemetry overage.

2. The Orbital Mission Analysis Branch (OMAB) of MPAD hag distsibuted

n memo (68-FME2-217, dnted July 15, 19GR) which presenta ithe revinsed
rendezvous profile including the relntive motion plote and visinhillivy

and slant ranpe time histories, Some of the moat Interesting foaturen arc:

a. Insertion occurs nt spproximately 340 n.m. slant range. By €SI
thiz range will have decreased to approximately 170 n.m.

b. The LM will appear to the CSM to be less than A% above the lunar
horlzon for the entire first two hours after insertion into orblit, After
thnt, 1t will move below the lunar horizon,

e. Thore wlll be tvwo points of sun interference for the sextant
trneking of the IM. one lmmediately after insertion and another approximnteoly
two hours iater, about 20 mimutcs before TFI.

3. OMAB prescnted the results of a study which shows that 1t {e not poesivle
to uce the came mancuver solutionr for LM maneuver targeting and CSM mirror
imrge targsting on a lunar misslon ns iz done on the "D" mission. Accorda
inmly, if the CSM does not have CSI targeting eapabllity in ite computer,

the IM erew will have to sequence through P72 to provide mirror ilmnge

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan




maneuver targeting to the CSM and then P32 to target its own guldrnue
systems, If the CSM does have the CSI targeting programs, the IM c. w
will be relieved of this jJob and will use P32 only. The CSM pilot will
pick it up since the nominal procedure would eall for his determination
of the LM manruver targets using P70, whicp he would relay to the LM for
PONCS solution comparison and AGS targeting, T~ would then use P32 to
compute his own mirror image maneuver, It applars that th. TPI time used
in the P32 and P7] computations may have to be different regardless of
which spacecrafrt does it., Since the mirror imnge maneuver is to be

executed with m one mimite time delny after planned IM ignition time, 1t mny

alco be neces=ary to change CTT time. OMAB is looking alrecady into this.

L, There war conrlderable discussion repardling initialization of the

LM PCNCS and COM RN for rende”vcous navigation, As reported previously,
platform alipgnments by both veohiclers ripht after incertion are now
included [n the timelline, Urcn comyrletion of the CSM platform alignments,
the MCC-H wl1l relny a new LM #*atr veetor Into the CMC based on 1GC
telemetry after insertion. Even with thic update, it is anticipated that
the uncertalnties in ther~ stntr vertors will) be quite large, making

It necezsary to use inttial v:luer # the W-matrix which will no* be
cultable for W-matrix reinitinl -at'on 4urineg tae rendesvous cequence,
The Math Phyrlcc BRranch 18 loow!ngs into thnt, We cniled the meect ng hy
rtarting the development of rome ™07 mireion rendecvous ground ruler

and working agreements similar te thore developed frr "D". Theoe we
arrend to so fAr are attached,

5« Tt noxt meeting will be in Septsmior since many key people will be
on leave during Au,unt,

LS

tewnrd W, Tindall, .J':r“':'\4 i * I

Fnelooure

PAMWTirInll, Jr.: )z




JuLy ¢y, lyvo

"G" MISSION RENDEZVOUS GROUND RULES WORKING AGREEMENTS
AND THINGS LIXKE THAT

1. Grneral

a., The reference trajectory is that provided by MPAD, dated August
15, 1968.

b. Nomerclature for the burn sequence following insertion is:

(1) csI
(2) CDH
(3) FCI
(L) TPI
(5) TPF

¢. The rendezvous will be run throushout with the vehicle roll angles %
O°. The only exception to this 1s when during smneuvers within sight of the
earth the CSM roll is 180°, TPI from above will be initiated "hesds dowvn" and

TPI from below will be initiated "heads up” for either vehicle,

d, A LM stste vector time tagged 17 minutes after insertion will be
uplinked to the CMC within five minutes after insertion. State vec‘ors are not

sent to either vehlcle again during the rendezvous —hase.

e, IMJ alignments will be mrde starting five minutes after ineertion by
btoth spacecraft and take precedence over the state vector update {f timeline
and/or mttitude conflicts develop.

f. On both spacecraft all rendezvous mavigation wlll be carried out to
update the IM state vector. That 1s, the IM radar data will be used to update
the (M state vector in the LGC and the COM nextant and VHF data will be used to
update the IM state vector in the CMC.

F. The CMC's LM state vector will be updated after each LM mancuver with
the PTH Target AV Program using the pre-burn value: as determined |n the IM's
pre-thrust program.

h. The ctate vectors in the AGS will be updated each time FGNC3 is cone
firmed to be acceptable, This will 1likely be at each time it {s cummitted
to make the next maneuver using the PGNCS except perhaps TPI.

i. AGC aliynments will be made ench time the PGNCS La realipgned and each
Lim the state vector In the AGS is updated from the PGNCS.

Enclosure 1




Memorandum

TO  : See list attached parx: JUL 251968
68-PA-T-168A

FROM

PA/Chief, Apollo Data Priority Coordination
SUBfECT: "D" Rendezvous

l. A great meny things were discussed and resolved at the July 22
"D" Rendezvous Mission Techniques meeting. They will all be Ay
recorded in the minutes. There vere three iters, however, I weuld
like to call particular attention to st this time by this memo.

2., In order to avoid any chance of recontact ss a result of mmneuver
dispersions in the C3M RCS separation maneuver which starts off the
"D" mission rendezveus, it was decided to increase its megnitude
from 1.0 to 2,5 fps. It will sti{ll be performed in a radial direction.
This was drought about when it was recognizsd that an error of sbout
0.k fps in the horizontal retrograde direction would result in
recontact after the big phasing burnm. Dispersisons of that megritude
° could easily occur due to imperfect velocity mulling during station
xeeping, G&N maneuver dispersions, spacecraft venting, ete,

3. It has been established that the elevatlion angle to be used by
both spececr%ft in determining all TPT times - nominal and contingency -
will be 27.5 .

L. The out-of-plane component of the TPT mmpeuvers shall be targeting to
force a node at TPF rather than at the sesond midcourse correction
maneuver, This will also apply to the lunar rendezvous mission,

vhich the "D" was attempting to s!mlate in this respect, The change

ie being made to simplify the crewv timeline and procedures; it is felt
to be entirely adequate based on the recently adopted plans for handling
out-of'=plane on the lunar rendezvous.

5. The above decisions are considered firm and should be immediateLy
incorporated in all aspects of the Apollo Progrmm to which they apply.
They will only be changed if there 1s a darmed zood reason - not Just
to make things a little better!

( o

Howard W, "Mpndall, Jr,

° FA:HWTindall, Jr.:Js

By U.5. Savings Bonds Rigularly on the Paymil Savings Plan
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UNITED STATES GOVERNMENT
Memorandum

Bee liat attached

PA/Chief, Apollo Data Priority Coordination

par JUL 241968
__ 68.PA-T-167A

1 July 19 "C" Rendezvous Mission Technigues meeting

Altnough most of .the thines at
Rendezvous Mission Technlgies

ir our Frlday, July 19 "c*

sred
cting e not of general interest,

r
there were a couple ¢f taings I would ilxe to let you know about.

_First of all, in an effort to reduse the probvadility of having to
mare the NCC2 ransuver, wi.ich sould %e an extra SPFS burn, it L.
been decided to trim the NCC1 AV resicunls if they are less thur

In addition, the tice o2
iz real %lme Ly as much s 37

“he JOR mneuver will ve adjusted

canande ¢-owahy chane!ng the diffc -~
trnings together should te adequate

to maintain the nominal TPI time, walch is the vrimary obvjective :u
The momizzl diffcrentinl altlude, you
recall, is adout 7.0 m.om. and It wm3 Sinslly acreel tnat acceptinle

7 n.x=. On Toc low siue t0 9 n.m. on tac
Thece adjustment 1limits give us a cupabllity of adjust-
iog TPI time by about 20 mirutes to accouat for dispersicns, Uling

it will only be necessary %0 rake the RCC2 bu-mn if we
enccunter dispersiocas ar in excess oF tihcse expected.

entlal altitude. Thege two new
targeting these moneuvers.

targetiag bounds are fron
Lkigh slde,

these procedures,

Something else which has been changed is that the elevat on angle

a%t TP is considered more sacred than any lighting limits at all and
nominal value at all cost even thougihh tae
so-called lighting limits are violnted. Previously the elevation angle
was to be changed if the lighting limits could not be met,

should be retained at the

Another important mission rule adoptad now is that thoe rendesvou. oxXurd.ic
will be terminated {f the C&N ifzils prior to XSR, and probadbly will e

serminated any time the C&N fails.

fiying a full durntion mission.

™his is to couserve SM RCS anu perzut

The changes to the mission tecmLmns are reletlively minor and -

probable that It will not be zeces
Rataur than

zary to reicsue the ext.ve doc.ownt.

waat, we will pm‘oa.’c:y deptribute comnge pager of ve . sl -C.

P — - " ..
Al eliBBaa, wLei 3

| ' ¢ :-"- o
cji.,wo,w o A

Jlu'hm e ¢.. ,_.4,_*, .;# §
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UNITED STATES GOVERNMENT

Memorandum

CA/Chairman, Crev Procedures Control Board DATE
68-P-T-163A

. JUL 231968

PA/Chief, Apollo Data Priority Coordimation
Guidance and control action limits

in the development of mission techniques, we are establishing quite
a lurge aucber of parmameter lim’ts walch are used to determine mow
the guldance and control systems will be used (for example, monizor-
ing attitude during an SPS burn where’x 17 the attitude exceeds -.3°
or the attitude rate exceeds 5% per second, the crev would take over
manual control from tae G&N)."Eh ze l.zits wers already in the
Migsion Rules. However, they are not included in any of the Crew
Procedures docurments as this :ime. I would like to recormend <hat
you give serious consideration to having them sdded to the Crew
Check List as well as Crew Procedures, since it is anticipated
tnat there will be too miny of tae= for anyone o rezember, and
sround support is not always ava.lazle, rerhaps, this can bde
iiscussed in one of your CCB meetings.

I —

f ]
) a.ﬁ._sw./\ Ve, Q.c...._.-’_‘

M Hu mu, J:'t { *
cc:
CP/d. J. Jorta
CFl13/M. X. 1ake

FA:HWTIndall, Jr.:is
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See list attached _ patx: JUL 231968
i ' 6B.PR-T-1624
PA/Chief, Apollo Data Priority Coordination

"C" Mission Retrofire and Feentry Mission Techniques meeting

on Friday morning, July 19, we nad a "C" Mission Retrofire and Reentry
Mission Technigues meeting to clean up sopm open items., It is evident
that a distribution of correction pages to our previcusly distriduted
Mission Techniques document will be inadequate and it is our current
Plan to repudblish the whole book. Some of the most significant items
resolved at this meeting are described in this memo.

1. It has been established that the G&N guidance system will be
used in the event of a_hybrid RACS deorbit. (A hybrid deorbdit is ore
in which both the cormand module and service module RCS Jets are used,)
The retrofire wili be vargeted for a nalf-lift reentry.

2. It has been established that the G&¥ is mandatory for performing
A hybricd deorbit; thus, 1f the G&N has failed and the service module
RCS remaining has fallen below the return-line limits » the only remaining
systen for retrofire is SPS using SCS control., Accorcingly, there is a
mission rule that retrofire will be performed to land in the next best
Planned recovery area (FIA).

3. It has been established that if insufficient time is available
for a finr alignment prior to retrofire, the G&N will be used with a
course alignment if that can be done., Current estimate 16 that a
coarse alignment will be to within 20 on all axis, which can result
in a8 mch as & 30 mile landing point miss,

L. In the absence of response to our request for better mmbers,
we have established the following limits beyond which the G&N will be
declared No Go for reentry and the backup system will be used., The
DSKY VG displays must be within 1 ?s and the gimbal angles must be
within 19, Guidance amd Contiol Division and MIT people please pay
particular note,

5« Apparently the procedure has been established thet command

module seperation from the serrice module will be performed following
retrofire while stlll in the 535 thrust program (Pi0). Thic 1is to

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan




keep Average G on during the separation maneuver without baving to
wait cre ninute as the entry programs are currently coded. The entry
programs (P6l, P62, ete.) will be seguenced after separation. Thus,

thesns programs are belng used in a completely different way than they
were desligned,

A. IMJ PTPA amd gyro drift compensation values are monitored con-
tinuously by MCC-H. It has been established that if thﬁ values currently
loaded in the G&X are in error by more than .003 ft/sec® and .0T5 %/nr,
they will be updated in the CMC.

Hovard 4, Tirdnll, .n'.
PA:HwTindall, Jr.:Jjs
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68-PA-T-161A
PA/Chief, Apollo Data Priority Coordinmation

IM Ascent lift-ocff time can be determined by the crew

Some months ago we sutmitted a PCR 4o remove the pre-Ascent targeting:
prosram (P10) from Luminary and this was done. This action was based
on an assumption that a simple crev procedure could be developed for
doing the gam= Jlob, {n thr event of loss of communications, making
the rather complicated computer program unnecessary,
Analysis Branch of MPAD has concluded the!r development and analys.:
of this technique and {s in the process of documenting it. It is
only necensary for the ground to sujply two parameters by volce to
the crew prior to DOI which will allov them to independently deternine
lift-off time to within about six zeconds. This Alspersion takes
into account current estimmtes of MSFN accuracies, ete, The effeot
on the rendezveus differential altitude due to this error is le-s
than one nile, which is certainly far smaller than other disper:.onc
which would occur in a non-comminicat’on situation., In other worae,
it 13 more than adeguante,

Quite simply the procedure requires that the crev determine the time
of closest approach of the CSM one pass before lift off by noting

the time rendezvous radar range rate passes through zero on the tape
reter, To that time, he must add the CSM orbital period and another
AT o obtain 1i1ft.0ff time., These are the two parameters included in
the pre-DOI pad message noted above which will be determined by MCC-H

The Lunar Mias:ion

based on the actual CSM orbit, .
N s

oward W. Tindall, Jr.
PA:HWTindall, Jr.:js .
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See 1ist attached parx: JUL 98 1968

o _ 68-PA.T-1504
PA/Chief, Apollo Data Priority Coordination

Ro 15 mimute constraint for Lunar Ascent Quidance

The Luminary GSOP indicates that {t is necessary for the astronaut
to call up the Ascent Guidance Program (F12) at least 15 mimutes
prior to lift off, This, of course, is not consistant with our
desire to be adble to use P12 if we get a No 0o for lunar stay
approximetely 10 minutes after landing. In that case, we intend
to call up P12 with less than seven minutes to go before lift ofr.
By checking with MIT, we have verified that the 15 minute limit is
rot a real constraint and that the only limit {s the time required
for the crev to go through the operations associated with Pl2, whieh
is currently estimated to be less than five nminutes. (Simulations
will eventually refine th.s, probably to a smaller value,)

1 have asked MIT to modify their GEOP (by PCN) to reflect this,

ﬂ,‘nﬁ\/

Howard W. Tindall, Jr.

PA:HWTindall, Jr.:js
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- Memorandum

See 1ist below oar: V0L 1 71969

68-F®-7-157
MW/Deputy Chief

Results of the July 9 Apollc Bpacecrsft Configuration Control
Board (ASCCB) meeting

This is my belated report on the July 9 ASCCH meeting, It was reported
that Sundance Assembly 302 was delivered to Magheon for rope mmifacture

on July 3.

1. There was another long discussion about the APS engine and how
it works. Harry Byington reported that it takes about TOO milliseconds
to reach 90% thrust, He also reported that following a three seconmd
burn, & 30 minute coast period is required before restart; following
a 30 second burn, m one second cosst is required, For longer burns, -
duration of which he vas unadble to define, the coast period requircel
can get as short as 30 seconds. This means that it will be unacceptable
to "abort stage” during the first 50 secomds of povered descent. If wo
mst use the AP3, we will have %o use the V37T entry into PT1.

2. BDob Savely will be pleased to knov that MIT submitted PCY LAo,
vhich indicates that the rendezvous radar variances are in Sundance
ernsable, cven though our March PCR requesting that was disapproved.

3. PCR 483 was submitted by MIT regarding DPE docked burns, but my
notes and memory fail me and I would suppest that thome Interented
(Carl Russ, GAPB, etc.) look it up, It hes to do with pltoh-roll A"
Jet selection for attitude control. It wvas noted that it will be reersanTy
for the CSM to damp whatever residual mmtes exint at the end of a burn
since the crev must turn off the PORCS DAP to avnid excessive Jet impingr-
ment.,

h. PcR h88 (also FCR 468.2) changing the Target AV processor from
a routine (R32) to a program (P76) in Luminary was approved to provide
restart protection, the same as Colossur. Two days impact was ruoted,

5. PCR 439.2 for Luminary was approved with no {mpact. It down-
grades the "preferred attitude flag,” the same as in Colossus,

6. Quldance and Control Division submitted a pookage of four PCR's
denling with the landirg radar in the Luminary program. Only one of
these (no. 216) was approved with & one day ispact. It changes the

& Bay U.S. Sovings Bmds Regularly on thy Payroil Sovingr Plon



the time at vhich the landing radar antemma position is changed to
coordinate it with the vehicle attitude change at hi-gate, in order
to avoid Joss of lock, Without this change it was almost certain
the crev would have to reacquire with the velocity beams by mamual
avitching to "Radar Test.”

7. The other three PCR's wvere added to the Lumimary Hopper.

a. FCR 217 wvas to change the way the antenna position diucrete
vould have used., Specifically, it was requested that it be ignored (except
to set an alarm) before hi-gate snd 1if "vrong” alter hi-gate to use
landing radar data to update altitude only But not velocity. Three
days impact was quoted,

b. PCR 218 was to compensate for the & landing rudar antenna
misalignment wvhich screws up the crev’s displays. The two day impact
was unacceptable, although the crewv considers this an important program
change,

e. PCR 219, which coat two dnys immet, would have put the
1nteral veloclity on the downlink at the same time the altitude data 10 -
that iz, at 35,000 feet rather than 22,000 feet., FCD wanted thie onc,

8. Cuidance and Control Division informed the Board they intended
to submit a FCR to add the Sundance landing Radar Superious Return Trat
(RTT) to Luminary for use on missions "E” amd "P" (high speed lunar
surface overpass).

9. PCR 222 was & change to the CSI targeting program (n luminary
requested by MPAD to eliminate the lack of convergence on CDH time for
near circular orbits. Two days impact vas umacceptable and so it has
been added to the luminary Hopper. In the meantime, the LMAB was
requested to look into selecting a detter (higher) value for the altitude
rate teat whlch could be used in Luminary.

10, PCR 220, submitted by MPAD regarding a number of Colossus Entry
modifications, wvas discussed amid great confusion at the emd of the
meeting., As I understand it, several modifications were approved but
two (nos. 15 and 18) were left as open items pending coordination
betweon MPAD and MIT. All together it was a two doy impact.

Tt in nll I ean remembor! . (&
Qs l'k W
Boward W, Tindall, Jr.
Addruvsgees!
© /3. P. Mayer - /R, T, Bavely ™7/8. P. Mann
C. R. Runs P, T, Pixley R, 0. Noblen
n} R. Owven m//: E. Frmull M/Branch Chiefn
™M13/R. P. Parten PE/R, R. Regelbrugge
J. R. curle{ K. A. Young TRW/R. J. Boudreau
E, D. Murra
A Mthnn

MWTindall, Jr.i)e
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: See 1list attached pare: JUL 10 1568

68~PALT-1544

: PA/Chief, Apollo Data Priority Coordination

"C" Mission Clear Up’

We'll try to clean up the rest of the “C" mission opern items at a
meeting on Priday, July 19, in Room (C3ZB of Bullding 30. Retrofire

and Reentry wlll be d!scusced in the morning, starting at 9 a.m., and
Kendezvous .n the alterncon - or as soon as we finish the Retrofire
secslon. Attacned are open item lists for each sension, kindly prepared

by Stu Davis, FCD.

W """U(A-Ujm
Howard W. Tindall, Jr.

-

Enclosures =z

PAsHW  indall, Jr.:)o
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1.
2.

3,

Fe
17,
11.

1.

DEORBIT ARD ENTRY DATA PRIORITY MEETING ITEMS

Iz the entry following an RCS deorbit to be dallistic or guided?
Will the EMS be uced for G&N failure occurring at any time?
Is closed loop GAN entry to be the nominal?

What ar~ the thrust vector mmgmitudes and directions for SM - CM RCS
deorbit AV'S?

I~ a fine allgn or coarse alipn sufficient for deorbit?
Are crew using ADPC procedurers?

wWhnt are DCKY VG and gimbal ancle limits in compariscon with ground

maneuver oad?
What nre 3¢ PMAG driftsc?

What are PIPA bias amd gyro 4rift limits and the compensation procedure?
Are the pads current?
wWhat is the pew REFEMMAT flag setting procedure]

I1: thr GA&N needed for hybrid deorb’t?

Enclosure 1
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RENDEZVOUS DATA FAIORITY MEETING ITEMS

Open Itemos

1.

2,

9.

10.

11,

.1.{-‘0
17.
1M,

Trim RCC1l to keep from doing NCC2. Ken Young

Rendezvous with SCB i{f GAN fails anyvhere prior to to
FSR. Phil Shaffer

An limite for terminal phese, Ed Lineberry

Lisntlns constraints for TPL hard or is elevation
nnirie hard? Flight Crev

Ia ?T.h;o the elevation angle for TPI? Paul Kramer
Are P52 alignment completion neceassary prior to NCCl? FDB and 'CSB
Are the mancuver pads current? Will Presley

Limits on onboard TPI solution comparisons with ground

TFI. Ed Linelwrry
Discussion of backup TPI ZkT burn solutions (duty cycle

problems ), Dick Moore
Are crew using ADPC procedurec? Flight Crew

Limlt on DEKY VG's agreement with target load, and limit
on pimenl angles comparision wlth maneuver pad, MIT

Reridunl reaponablencns Limtt O&PR
Whnt are nllowabl - TMAG drift and pgyro torquing angles. Gary Coen

Whnt are crev time requirements for sextant star check,
P-"i', P-h0? Mosel

CwWhat e PITA biag and pyro drift limits and compenca-

‘Lion proeccdureend Cary Coen
Should NC1 and NCo be externnlllv or 5CS targeted? Stewart Davie
what nre 3¢ BMAG DRIFTS? NR

wha!, chort burn losie will be proprammed for RTCCH Phil Shaffer

Any rorrections to Techniques Deserliption document,

Fnelorure o




‘adverse effect is the mission planning that has been done to date,"

: See list attached varz: JUL O 1968
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Memorandum

- 68-PA-T-153A
PA/Chief, Apollo Data Priority Coordination

Cood news on "C" mission SPS burns

The following is a verbatum copy of a note to me from Rick Noblas
(MPAD). I thought 1t worth distridbuting,

"The cross axis velocity errors resulting from 5PS mistrim s
(CSM alone) vill be about one half of what wvas previously anticipated. -
The reduction in error is due to the new DAP filter constants that

the G&CD is recommending for the "C" mission erasadle load. The only

oV

Hovard ¥, Tindsll, or. S

PA:HWTindall, Jr.¢Js
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See lict attached para: JUL 2 1968 | ) o

Pa/Chtef, Apolloc Data Priority Coordimatios
Throttle up time is Pixed during the powversd descent mneuver

1. We learned somsthing interesting during our Descent Mission
Techriques meeting June 28 from the )MIT poople thare, It dealt with

the wvay the IFS ginbal trim phase of the povered descent maneuver is
programmed,

e 1t is extremely important that the engine de at full throttle o*

the right place {n the trajectory. (The figure given 1s that for each
cecond of time delay in throttling up to the FTP, we lose 12 seconds

of hover time.) Therefore, MIT has programmed the computer so that
throttling up does not occur after a fixmd duration DPS gimbal trim
time, but rather at the "right time” regardless of hov mich trim girual
there hac been, For example, if the engine failed to start wvhen it

vas suppose to and the crewv chooses to recycle to TIC minus five seconds
there can be as much as 13 seconds delay 1n engine ignition apt the trim
time woul' be reduced by that amount, This procedure is an armument for
maintaining a 10% trim gimbal timm of 26 seconds, making us somevhat
tolerant of this sort of an event. We hadn't thought about this situs-
tion very mich yet, but I think the consensus is that if the DPS fails
to ignite under PGNCS control initially and again fails on a recycle,

wve should abort without attempting manual ignition since something
serious is probably -ong.

3. This really looks likc a good wvay to program it, but is different
than documented in the GEOP. Accordingly, MIT will submit a PCN to

correct the documentation.
W

Howard ¥, ﬂmn, Jr.
PA:HWTindall, Jr.:3s
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Memorandum

See 11st below _ pate: JUL 1 19gg
68-PA=T-1h45A

PA/Chief, Apollo Data Pricrity Coordination
Checkout of COM optics in earth orbit prior to TLI

The nttnched memornndum 1o ot lnterest to you, Defore we inco.porate
ft tntoe our Minsion Teehniques, I Intend to check:

l. Wwhy MSFN coverage i3 rcquired.

o, If mnual optics posltionine is not adequate in lieu
of CMC control for a TLI so.

Oth rwi:, T ngree with 1t complet: 1y

o T—
\

Hosrd W, Tindall, Jr.

Lnelorure:

Addre: ceon
M/J. P, Mayer
C. R. Murs

L/l P otnrton

n‘tr,,['|o Ll D‘.'I‘!'y

e R, 0, Nobles

TRY/He J. Bondreu

MIT/TL/D. G. loag
Je Nevine
N. Gonare

TASIWL iYL, Jre s i
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1b, FPCR 578 improves the IM RCS thrusting-into.orbit processor by
the addition of a gravity term. The improvement prevents insertion at
too lov an altitude, It was approved at the cost of ons day impact,

15. FCR 75 would modify the Landing Analog Display Routine (R10)
in Luminary such that the program will drive the tape meter and cross
pointers vhile in Programs 12, TO, and T1, Approval was recommended
for this additionmal capability at the cost of one day.

16. Myron Kayton (GCD) is submitt!ng a ance PCR (No. 221) to
change the rendezvous radar test routine such that the data will be
collected at a higher frequency. This extremely late proposal was
brought about by the realization that the time i{a extremely short
during vhich the rendezvous radar test could be made as the "D" mission
LM passes over the White Sands Missile Range - apparently less than
half a minute, It is apparent that either a program change will be
roquired, a location other than White Sands Missile Range must be uned,
or that the test objeotive must be modified, Thene nlternate cources
of action will b~ submitted to the Apollo Program Manager's Change
Control Board ance the Sundance impact has been terminated,

17. MIT officially informed us that the lunar Iandmarks selected
by MCC are completely unsuitable nnd the lunar landmark selection
routine {(R35) has been rendered relatively uscless as a result, MIT
even proposes that R3D should be elimimmted, We gelected the land.
marks as we did since it simplifies the currently planned mode of
operation and we don't expect to use the lumar orbit mavigation program
for the purpose MIT designed it. Fred Martin suggested that possibly
the CSM rendezvous mavigation program (P20) could be used for observing
the LM while on the lunar surface more conveniently than the orbit
navigntion program (P22). The primary advantage {s that automatic apace.
craft attitude control would be available. It is questionadle, however,
if the dnta which we require {s stored for relay on the downlink in P20
na is necensary untll S-band antenna reacquisition.

18, There was a lengthy discussion regarding the FCSD request for
ravw rendezvous radar data on the DOKY, PSD intends to coordinate this
to mke nure the simplient poasible program chanpe mey be defined based

~On the crev requirements and MIT's program constraints. (Inctdentally,
MIT nppnrently intends to propose an official PONCS constraint limiting
the uce of PN to ranpes preater than five miles,)

That'n It - at leant the thinen I think would interest you most -
It wnn multe a productive meeting wouldn'’t you pay?

Howard Vi, Tindall, Jr.

*

Addressceen:
(fee 1iot attached)

FM: WM mdall, JP.:)s




